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The prey killing behavior of mammalian carnivores is a complex be­
havioral sequence that is most elaborate in species that kill large prey 
The ermine Mustela erminea, one of the few predators to kill prey larger 
than itself, was observed in this study of development of predatory be­
havior. Adult ermines were videotaped while killing adult lab mice Mus 
musculus. Data from these tapes were used to interpret the development 
of predatory behavior of a litter of five ermines b o m  in captivity.
Four juveniles were raised by the mother; the fifth was hand-reared. 
Interactions between juvenile ermines and adult Mus were observed daily 
from the time the young first left the nestbox (day 61 after birth) un­
til the killing behavior of all juveniles became adult-like in content 
and quality (day 96).
A total of 127 killing sequences involving six adult ermines were ana­
lyzed. Prey were first seized, then secured, and finally killed. Seiz­
ing components consisted of a superficial bite to the nape of the neck 
(seizing bite), grasping with the forepaws, and, less frequently, a deep 
bite to the nape of the neck (killing bite). Seizing methods were vari­
able; a bite, a grasp, or both. The ermine secured prey by curling its 
body alongside the mouse, maintaining a nape bite and grasp, and wrap­
ping its hindlegs around the mouse's hips. This position was usually 
assumed with the ermine on its side (side curl), but was seen also in an 
upright position (upright curl). Killing bites were closely associated 
with side curl. Prey were maintained in side curl until the ermine's 
canines pierced the base of the mouse's skull or severed its spinal cord.
All predatory components, with the exception of the killing bite, were 
observed in play before the litter emerged from the nestbox. Only the 
orientation and posturing were endogenous; each individual had to learn 
how to use these actions against struggling prey. Not all juveniles be­
came interested in prey at the same time; some ignored mice weeks after 
their siblings had killed.
The pattern of development was similar for all juveniles. Seizing 
methods became more variable with experience. Upright curl, the most 
common securing technique in early predatory sequences, was quickly 
replaced by side curl. At first, killing bites were delivered only in 
side curl, but with experience juveniles also delivered bites earlier in 
the sequence.
The hand-reared male exhibited all the predatory components of his 
siblings, but showed different tendencies. Prey elicited a vigorous 
response, but only retreating prey were attacked. These attacks usually 
lacked a bite, as did most curls. He matured into an efficient killer 
not by abandoning early tendencies, but compensated for them by learn­
ing to deliver the initial bite in a curl.
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CHAPTER I 
INTRODUCTION
In one of his classic p apers, Tingergen (1963) out­
lined what he considered to be the major aims of ethology. 
This first level dissection resulted in four categories, 
one of which was ontogeny- The study of behavioral onto­
geny is basic to the understanding of behavior in general, 
for it is during development that the physical guidelines 
that will govern the phenomena we observe as behavior 
become established within the individual.
Ontogenetic research has also served as a theoretical
battleground crucial to the formation of ethology as a 
science- Lorenz’s claim (193 5, cited by Tinbergen, 1963) 
that behavior patterns may be ’’possessed" by a species led
to a heated controversy with learning-oriented scientists
over the exact nature of inborn behavior (Lorenz’s 
Instinkthandlungen) . This debate continued for several 
decades with each group using its own definitions for such 
terms as "innate", "instinct", "learning", and "experience". 
The term "innate" came to be defined negatively; a behavior 
pattern that arose even in those animals raised in an
environment: lacking stimuli relevant to the performance of 
that behavior. The definition of "learning^' was expanded 
by some authors (e.g. Kuo, 1967; Lehrman, 1953) to include 
all experience and became impossible to test.
This controversy greatly influenced the conceptual 
approach to ontogenetic research, and most studies sought 
to partition behaviors as being under either environmental 
or genetic control. It was at this superficial level of 
analysis that research became bogged down in semantics.
The search for the origins of adult behavior during 
development became overshadowed by the "nature-nurture" 
dichotomy.
Realization that the dichotomy was a human construct 
finally forced a re-evaluation that promises to resolve the 
debate. Since then, the development of all behavior has 
become viewed as resulting from a synergistic interaction 
of genome and environment. Alcock (197 5) provides an 
excellent discussion of both the controversy and the 
resulting synthesis of opinion, while also emphasizing 
that "it is legitimate to make a distinction between 
learned behaviors and relatively discrete and complex 
actions which appear in complete and functional form the 
first time they are ever performed by an animal". More 
penetrating questions concerning the causal factors 
operating during ontogeny may now be pursued in the spirit
of Kr*uijt*s (1964) challenge to behaviorists to follow the 
example set by experimental embryologists. These scien­
tists also trace development and their findings show that 
it is possible to document developmental histories for 
morphological traits.
A number of common findings arise from research on the 
development of behavior. Invertebrates generally tend to 
have a more limited behavioral repertoire than vertebrates 
and this suggests that environmental input plays only a 
minor role during the ontogeny of invertebrate behavior 
(Manning, 1972). Learning seems to confer a greater po­
tential for adaptability among vertebrates, and becomes 
more pronounced as the phylogenetic scale is ascended. The 
following discussion is limited to vertebrates and concen­
trates on endotherms.
One obvious aspect of behavioral development is that 
young animals often have predispositions to learn certain 
things. Maternal imprinting may be the best known example 
of this ; many young birds learn to recognize their mother 
at only a few hours of age (Hess, 1959). Other examples 
of this predisposition are common. During the acquisition 
of species-typical song, the white-crowned sparrow 
(Zonotrichia leucophrys) imitates the song of its own 
species, but ignores similar songs from different species 
(Marier and T amura, 196 4). Early feeding experiences can 
affect adult feeding preferences in the snapping turtle
(Chelydra serpentina, Burghardt and Hess, 1966) and can 
determine to some extent what the polecat (Mustela putorius) 
actually perceives as prey (Apfelbach, 1973). Young 
animals seem to be genetically programmed to perceive and 
respond to important environmental stimuli.
Environmental input into ontogeny may be limited to a 
discrete temporal interval. For example, the following 
response in chicks (Gallus domestieus) first appears 5 
hours after hatching and can no longer be established after 
the first day (Hess, 1959). Interspecific social bonds in 
dogs (Canis familiaris) are also established during a 
sensitive period (Scott, 1962). This period begins as 
puppies at about 3 weeks of age first demonstrate a fear 
of being alone by readily approaching strangers. Bonding 
is feasible until the approach response is supplanted by an 
active avoidance of strangers some 6 weeks l a t e r . This 
tendency limits future contact with strangers and effect­
ively ends the possibility for future socialization. 
Socialization, however, occurs most easily during this 
transition from approach to avoid at a time when close 
contact with strangers may be expected to cause a certain 
amount of anxiety. Scott believes that this emotional 
arousal is an important aspect in the process of socializa­
tion. Sensitive periods are also characteristic of song 
acquisition in many songbirds, although species differences
are quite pronounced (Marier and Mundinger, 1971).
The effects of environmental stimulation during a 
sensitive period may not be immediately visible as 
behavioral output. Young jackdaws (Cornus monedula) im­
printed upon humans after hatching will court only humans 
when sexually mature (Lorenz, 1935). Development under 
social isolation has lead to later deficiencies in the 
sexual behavior of many mammals (e.g. guinea pigs Cavia 
porcellus, G erall, 1963 and rhesus macaques Macaca m ulatta, 
Missakian, 1969). In many passerines, the critical period 
for learning species song ends long before the song is ever 
attempted by the individual; juveniles acquire their song 
simply by hearing it sung by adults (Marier and Mundinger, 
1971) .
During normal development information concerning the 
form of a behavior pattern can become programmed within 
the individual while information concerning its implementa­
tion is incomplete. In the European squirrel (Sciurus 
vulgaris) , movements (gnawing and prying) used in opening 
nuts are exhibited the first time a nut is presented, and 
naive animals can open them (Eibl-Eibesfeldt, 1970).
Initial attempts, however, are inefficient and often suc­
ceed simply because randomly placed furrows finally circum­
scribe the n u t . With experience, individuals gnaw with 
the grain and concentrate on a single area.
Individual components of a behavior pattern may not 
all appear at the same t i m e , and such elements must be 
integrated into a functional sequence later. Prey killing 
behavior in mammalian carnivores which often consists of a 
complex series of behavioral steps illustrates this aspect 
of development. Initial predatory movements (stalking and 
pouncing) appear earliest in the cheetah (Acinonyx jubatus), 
which does not exhibit the killing bite until after it 
masters seizing (Eaton, 1970). A similar situation occurs 
in a number of other felids and viverrids (Leyhausen, 196 5) 
and in the African dwarf mongoose Helogale parvula (Rasa, 
1973). Several species of canids kill prey on their first 
attempt, but they generally deal with quite small prey and 
even adult canids show few of the behavioral adaptations 
common to more efficient killers (Fox, 1969). With 
experience, the predators in all of these studies became 
increasingly successful in dealing with prey that fought 
back or otherwise evaded the predators.
The ontogeny of complex killing behavior provides an 
excellent opportunity for investigating the interaction 
of genome and environment in the establishment of adult 
behavior patterns. As may be expected, the complexity of 
this behavior is often correlated with the relative size of 
predator and prey (Eisenberg and Leyhausen, 1972). This 
study deals with the ontogeny of prey killing behavior in
the ermine Mustela erminea, an efficient predator that can 
kill prey its own size or larger (Hewson and Healing, 1971)
Aspects of the ermine * s killing behavior have been 
described by several authors (Gossow, 197 0; Allen, 193 8; 
Glover, 1943 ; Hamilton, 1933 ; Pearce, 1937 ; Svihla, 1931). 
These authors agree that the er m i n e ’s efficient predatory 
behavior results from a combination of anatomical and 
behavioral adaptations.
If a predator makes its living killing large p r e y , 
general techniques must be established in each individual 
and passed on to or otherwise acquired by each succeeding 
generation. Considering the implications of an inexperi­
enced young carnivore trying to kill its first prey, an 
animal often capable of maiming or killing the predator, 
it is not surprising that the most elaborate predatory 
behavior training is found in the most efficient killers, 
the Felidae.
Behavior patterns that are repeated in the same 
manner are often said to be stereotyped. This overused 
term is of value only when the level of inspection is 
clearly specified. For example, cheetahs often knock prey 
down during a high-speed chase by striking it in the flank 
with its long dew claw (Eaton, 1974). This distinctive 
component is quite constant in form, but by itself does not 
justify calling the sequence a stereotyped pattern.
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Behavior is considered at three levels of organization 
in this study. The most fundamental is that of the compo­
nent ; a distinct motor pattern involving only certain 
portions of the predator*s anatomy, A step is a coordi­
nated assemblage of components and includes the coordination 
of the whole organism. Finally, steps are linked together 
to form a killing sequence; a progression of movements 
that lead up to a kill.
Development of predatory behavior is described 
qualitatively and quantitatively at all three levels of 
inquiry. In the process, I will try to answer several basic 
questions :
1. What are the components and steps that make up
the predatory behavior of adults?
2. When and in what context do predatory components
arise in young ermines?
3. Does the form of individual components change over
time?
4. How do individual components become integrated
into a functional killing sequence?
5. What are the most probable causal factors for the
development of prey killing behavior?
CHAPTER II 
MATERIALS AND METHODS
Three adult female ermines were maintained in cap­
tivity while killing sequences, using adult laboratory 
mice (Mus musculus) as prey, were videotaped. A single 
litter of five young was raised in the laboratory. Four 
young remained with the mother through the 13th weekj the 
fifth was hand raised. Daily encounters between each 
juvenile and adult lab mice were videotaped during the 
development of killing behavior. These films were 
analyzed.
The Experimental Animals
Three adult ermines were captured by a professional 
trapper near Edmonton, Alb e r t a , Canada, within the range of 
the subspecies richardsonii (Hall, 1951). They were 
similar in size (average weight = 96 g ) , and were pregnant 
when they arrived in the l a b . A fourth female (69 g) was 
captured within the range of M. e. invicta (Hall, 1951).
For identification purposes, each adult was assigned a 
nu m b e r , and these four adults will be referred to as 3, 4,
5, and 8.
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The litter raised in captivity consisted of four males 
and one female. Different colors of dye were applied to 
the chin of each of the juveniles left with their mother. 
Each was named after its dye color : males were "Red” , 
"Blue” , and ”Yellow” and the female,was "Green". The 
socially isolated male, "White” , was unmarked.
Adult killing methods were described from the be ­
havior of 3, 5, 8, Blue, White, and Red. These latter 
three ermines were seven months old and had been efficient 
killers for more than four months when observation began. 
They were not yet sexually mature but were adult size 
(average weight = 12 0 g ) . For the purposes of this study 
of killing behavior. Blue, White, and Red will be con­
sidered adult. Red died before a representative sample of 
killing sequences could be obtained. Data from this 
individual are included in the overall analysis, but Red 
is not discussed as an individual.
Lab mice were raised in the Department of Zoology 
animal quarters. Only adult-sized mice (25-50 g) were used 
as prey in filmed sequences. Smaller lab mice and wild 
deer mice, Peromyscus maniculatus, were presented occasion­
ally for comparison of killing behavior.
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Experimental Apparatus
Each adult ermine was housed individually. Each 
cage consisted of a 1/2 inch hardware cloth exercise 
enclosure 19x2 3x45 cm attached to a 19x2 3x35 cm wooden 
nestbox. The opposite end of the exercise enclosure was 
separated from the central killing arena by a sliding 
wooden door (Fig. 1). The top and front of this 2 0x60x61 
cm killing arena were of plexiglas to facilitate filming.
The litter was raised in a larger version (25x30x98 cm) 
of an individual c a g e . To facilitate observation of 
behavior in the nestbox, the wooden nestbox was replaced 
with a plexiglas one which was illuminated with infrared 
light. A black plastic screen perpendicular to the cage 
separated the nestbox and exercise enclosure. The nestbox 
remained "dark" while the exercise enclosure experienced a 
normal photoperiod.
Some killing sequences were filmed from above in a 
large cardboard box 54x4 8x3 8 cm. The ermine entered 
through a hole cut near the bottom of one s i d e .
All films of killing behavior were taken with a Sony 
"Porta-pak" videocorder unit. Films were edited using a 
pair of Sony 8650 videotape recorders and were analyzed 
on a Sony videotape m onitor.
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Maintenance of Adults
Ttie study was conducted in the Zoology Animal H o u s e , 
Health Sciences Building, University of Montana. The two 
adjoining laboratory rooms, 1.8x3.3 and 3.3x3.5 m, did 
not permit auditory or olfactory isolation, although 
pregnant females were isolated visually. Photoperiod was 
controlled by a timer and approximated actual daylength.
The temperature varied from 2 3^"3 0^ C during the year.
Each adult was maintained on a diet of one live mouse per 
day and water aA libitum.
Adults were handled as little as possible. Soon 
after their arrival in the lab, all adults were vaccinated 
for canine distemper.
Care of Pregnant Females and Young
When their pregnancy became obvious following blasto­
cyst implantation, the cages of pregnant females were 
isolated visually and arranged to maximize their spatial 
separation. Their daily ration was increased and supple­
mented with beef liver. Because the females became in­
creasingly shy, human intrusions into the lab were held 
to a minimum.
The arrival of a litter was advertised by a decrease 
in the girth of the mother and by vocalizations of the 
young. The mother and young were maintained as before and
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Figure 1. Experimental apparatus for maintaining 
adult ermines and monitoring predatory 
behavior. Six individual cages arranged 
peripherally about a plexiglas arena and 
are linked to it through sliding wooden 
doors. Killing sequences were filmed 
within the killing arena.
%
4
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food was provided in excess of utilization. A single
litter was raised in this fashion.
One juvenile (White) was removed from the female 3 3
days after birth. Subsequently, this male was never per­
mitted physical contact with either its mother or 
siblings (Fig. 2). Initially, White was fed a mixture of 
water and canned milk from an eyedropper at intervals of 
2-4 hours. Later, he was fed a variety of solid foods 
(e.g. h otdog, cooked egg, raw beef liver, hamburger).
White was maintained on a diet of freshly killed lab mice 
after weaning. During this stage of development White 
was permitted considerable locomotor freedom. He was 
returned to the laboratory before filming started and 
was housed in an individual cage.
Filming Procedure for Adults
Each individual had to be acclimated before filming 
could take place. Food deprivation was critical during 
this training period since a hungry ermine was much more 
apt to enter the killing arena than a sated one. Once 
an apparent connection between entering the arena and 
encountering a mouse was made, certain ermines entered 
the arena whenever possible. This made it possible to 
film kills in excess of the dietary needs of the predators.
Killing sequences were filmed at a distance of 1.5-2m.
15
Figure 2. Physical development: of the social 
isolate at 3 9 days of age.
>.7
17
Treatment of the Data
Hundreds of predatory sequences were observed and 
described during this study. Although I gradually came 
to recognize general characteristics of prey killing be­
havior, individual movements were discernable only when 
videotaped sequences were replayed in slow motion.
Videotape editing consisted of culling sequences 
unsuitable for analysis. In some sequences, the ermine 
carried the mouse away before killing i t . Certain individ­
uals appeared hesitant to kill in the open. These adults 
would either fail to enter the central arena at all, or 
else seize mice and carry them into seclusion before dis­
patching them. This tendency was so strong for one indi­
vidual (M-, the mother of the litter) that it was impossible 
to gather sufficient data for analysis. The most common 
fault in filmed sequences, however, pertained to technique. 
Often critical predator movements were not visible because 
of camera angle. Overhead filming was initiated to pro­
vide a better picture of the ermine’s behavior. All 
suitable sequences were placed together on a single reel.
Each killing sequence was inspected "frame by frame". 
Videotape film does not have frames in the usual sense, 
although it does possess 6 0 separate images per second of 
film. These images are produced by two electron beams 
that each scan the visual field 3 0 times per second. The
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scanning beams alternate in time such that 6 0 images are 
produced every second. This temporal resolution permitted 
identification of the fleeting individual movements that 
make up a killing sequence. The films also provided a 
time reference for measuring durations.
Film analysis consisted of first recognizing and then 
describing individual components of killing behavior. 
Functional steps were defined for major combinations of 
components. Predatory behavior was described as a sequence 
of steps.
The predatory behavior of juvenile ermines was con­
sidered in relation to the criteria described for adults. 
The appearance of components was noted, and their integra­
tion into steps followed. Film analysis did not end with 
the first kills by juveniles, but continued until killing 
behavior became adult-like in composition and quality.
CHAPTER III 
ADULT BEHAVIOR
Coordinated movements of many body parts combine to 
form the killing behavior of Mustela erminea. The jaws, 
forepaws , hindlegs and trunk are all involved in the 
predatory sequence.
The killing sequence may be divided into three 
functional phases: seizing, securing, and killing. In the 
seizing phase the ermine approaches the mouse and seizes 
it. In the securing phase the ermine performs a series of 
movements that progressively restrain the prey from escape 
or defense. The killing phase begins with the adminis^ 
tration of the killing bite and ends when the prey d i e s .
Descriptions of prey killing technique require 
reference to various approach and jaw thrust angles be­
tween predator and prey. These angles, unless otherwise 
specified, will be defined by their deviation from the 
longitudinal body axis of the mouse. For example, a head- 
on attack would be from 18 0°, while a pursuit from behind 
would be at 0°.
19
20
Component Descriptions
Seizing Bite
The seizing bite is oriented towards the dorsal 
surface of the anterior end of the m o u s e . Virtually all 
bites are directed to the nape (dorsum) of the n e c k , 
anterior to the shoulders and posterior to the e a r s .
Seizing bites on the top of the shoulder or mid-back are 
rare .
The seizing bite follows an approach from any angle. 
After a head-on approach the ermine may circle and attack 
from a smaller angle or bend its neck back upon itself 
and bite from the s i d e .
The downward thrust is generally close to the vertical 
(range 4 5-90°). When the bite is preceded by grasping 
with the forepaws 5 the delivery is always vertical.
Seizing bites are superficial and the e rmine’s 
canines penetrate only through the loose skin of the 
m o u s e ’s neck. Prey that escape from a seizing bite are 
not fatally injured. Ermines often deliver seizing bites 
to the far side of the neck and must reach over and across 
the neck. Usually, the seizing bite is maintained into the 
securing phase where the bite is re-established as a 
killing bite without releasing the mouse.
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Killing Bite
The killing bite differs from the seizing bite in jaw 
thrust an g l e , context and duration. The killing bite is 
usually directed horizontally at the neck of the prey. The 
ermine’s upper canines pierce the dorsal surface of the 
neck or braincase, while the lower canines pierce the 
throat or base of the skull. Killing bites delivered as 
part of the initial predatory step are delivered from 
above similar to seizing bites. If any adjustment of the 
killing bite occ u r s , it usually makes the bite a more 
horizontal one.
The killing bite is established from jaw thrust 
angles measuring 3 0-12 0^, with the majority delivered from 
slightly less than 90^. This bite is most often delivered 
when the ermine is in a side curl. Here the mouse is 
maintained in a position conducive to a horizontal de­
livery and a jaw thrust angle of 90°.
Once these differences between seizing and killing 
bites were discovered, the transition between them could 
be detected even on videotaped sequences when predator 
and prey were in sub-optimal positions for filming. The 
reliability of this method solved a major mystery during 
the study. One adult female (8) progressed into the 
securing phase with prey but did not kill for several 
minutes. Slow motion analysis of film revealed that what
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appeared to be a seizing bite was delivered from the side 
approximately perpendicular to the mouse and resembled a 
killing bite. This animal was anesthetized and found to 
be missing all four canines. Although her anatomical 
equipment was inferior, she maintained species^typical form 
and killed prey.
The ermine maintains a killing bite until the mouse 
dies and often retreats holding the prey in a killing b i t e . 
The grip may be altered slightly by secondary up and down 
movements of the jaws (repeat bites, Leyhausen, 1965). 
Repeat biting occurs soon after the killing bite is 
established and may continue after the prey is dead.
Grasp
The forepaws usually grasp the prey during the seizing 
phase and always do during the securing and killing phases. 
The ermine grasps the sides of the mouse between its 
forepaws and compresses them laterally. Grasping is most 
often combined with a neck bite and directed at the 
shoulder or midsection. However, it is also used effect­
ively in unorthodox situations.
Holding with Hindlegs
Once the ermine has seized the mouse, it hunches its 
hind end up behind the m o u s e ’s rump preventing it from 
backing out of the forepaw grasp. At this point, their
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body axes are aligned. The ermine wraps its hindlegs 
around the hips of the mouse and its claws grip the skin 
preventing lateral movement. The addition of this re­
straint typifies the start of the securing phase.
Linear Position
The linear position resembles the typical body posture 
used by the ermine in locomotion. The trunk is not curved 
in any direction and is oriented with the venter down.
This is the posture assumed during the seizing phase.
Curl Position
During the securing and killing phases the trunk is 
flexed so that the posterior end of the body is bent 
toward the ermine's venter. Curvature occurs throughout 
the abdominal region, becoming more pronounced distally. 
This posture may be assumed regardless of the limb's 
position relative to the substrate.
Step Descriptions
Seizing Bite with Grasp (SBg)
The seizing bite with grasp is the most common 
initial seizing step. The final attack is a lunge. The 
hindlegs supply most of the thrust at this time and remain 
in contact with the substrate until the bite is established 
The trunk maintains a linear position. The grasp of the
24
forepaws is always established by the time the jaws close 
and may precede the bite by as much as 1/20 s. If the 
grasp of the forepaws precedes the b i t e , initial contact 
with the forepaws may be dorsal. This brief pinning hold 
is always changed to a grasp before the bite is established
Seizing Bite without Grasp (SB)
In the seizing bite without grasp both forepaws 
remain on the substrate (Fig. 3), otherwise it differs 
little from the seizing bite with grasp. The bite is 
delivered downward at an angle of 45^ (range 3 0-90^),
Grasp without Seizing Bite (G)
Grasping from a linear body position can function as 
a seizing step even without the seizing b i t e . This step 
may follow any approach angle. If the approach angle 
exceeds 9 0^, the forepaws often contact the m o u s e 's dorsum 
first. This initial contact is quickly adjusted to 
grasping about the m o u s e ’s thorax. If the approach is 
less than 9 0^, the forepaws usually straddle the mouse and 
grasp it upon first contact.
Straddle Grasp (SG)
The straddle grasp (Fig. 4) is a seizing step seen 
following low angle approaches only. The ermine straddles 
the mouse from behind and then grasps it about the thorax.
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Figure 3. Seizing bite without grasp (drawn from 
photograph).
Figure 4. Straddle grasp (drawn from photograph).
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not remain on the substrate. Instead, they land straddling 
the hips of the mouse. Grasp twisting occurs following 
any attack angle, but is virtually limited to attacks on 
stationary prey.
Upright Curl (UC)
After it seizes and straddles a mouse, the ermine 
assumes a curl position and its hindlegs grip the m o u s e ’s 
hips. The mouse is now restrained by jaws, forepaws, 
and hindlegs. These criteria, plus an upright stance, 
define the upright curl.
Side Curl (SC)
The side curl is identical to the upright curl except 
that the predator lies on its side. The mouse may be u p ­
right, on its side or on its back. If the mouse is on its 
side, the ermine grasps the mouse with its back closest 
to the ermine.
As the angle of contact is closed to 0^, the ermine 
often twists its head and neck to the side (usually biting 
deep at this time). The rest of the e r m i n e ’s body follows 
this lateral twisting and the ermine rolls onto its s ide. 
The hindlegs come foreward to hold as the ermine lands and 
its torso assumes a curl position. A side curl may also 
be established from an upright curl; the predator rolls
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over onto its side while maintaining its grip on the mouse. 
The ermine may simply roll into a side curl from a small 
angle attack. It establishes a seizing bite with grasp 
and rolls 90° away from the m o u s e , maintaining its grip 
and drawing the mouse onto its side or back. Seizing bites 
directed to the far side of the neck permit the ermine to 
assume a side curl without twisting its head underneath 
the now upside-down mouse.
Killing Bite with Grasp (KBg)
The killing bite with grasp is delivered usually in a 
side curl or during the transition from seizing step to 
side curl. To change from a seizing bite to a killing 
bite, the ermine simply opens its jaws a little wider and 
drives its canines forward into the base of the skull or 
neck. At the same time, the jaw thrust angle is reposi­
tioned from above and behind to the side and horizontal.
Sometimes the ermine’s initial predatory step is a 
killing bite with grasp. In these cases it usually appears 
to resemble the seizing bite with grasp with respect to 
use of the forepaws and angle of bite delivery.
Regardless of how it is established, the killing bite 
with grasp is invariably maintained in a side curl. If the 
ermine is not already in a side curl when the bite is 
established, it assumes one soon after. Repeat biting and 
head shaking of low amplitude and high frequency occur in
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Figure 5. Adult ermine killing mouse: a) approach 
is direct 5 b-c) mouse is attacked with 
a seizing bite with grasp, d) ermine 
twists to straddle prey, e) establishes 
an upright curl, f ) rolls onto side, 
g) delivers a killing bite as it lands 
in a side curl, h) mouse is worked off 
its feet and killed in a side curl. This 
sequence, drawn from videotape, spanned 
1. 2 seconds.
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Table 1. Symbols used during this study
Symbol Behavior
app approach
end end of sequence
esc escape
G grasp without seizing bite
GT grasp twist
KB killing bite without grasp
KBg killing bite with grasp
P pluck
PA pin approach
PS preliminary steps
RE rump bite
ret retreat
Sa anterior sniff
Sp posterior sniff
SB seizing bite without grasp
SBg seizing bite with grasp
SBp seizing bite with pin
SC side curl
SG straddle grasp
T twist
TP tail pull
UB upright bite
UC upright curl
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the mouse escapes or is killed. The mouse escapes if it 
becomes completely free of the e r m i n e 's grip during the 
sequence. Each escape is followed by a new bout of 
predatory behavior.
Sequence Stereotypy
Killing sequences most commonly consist of two 
seizing steps followed by a single step from each of the 
last two phases. These sequences procédé stepwise with 
only occasional transitions in the reverse direction (Fig.
6). Reverse transitions occur as a result of the dual 
function of the killing bite with grasp ; that of seizing 
step and that of killing step. The frequency with which 
each step in the sequence was preceded or followed by 
another is shown in a transition matrix (Appendix B ) . The 
relative frequency of transitions, both preceding and 
following, with each individual step is shown in Appendix C.
The most variable .component of the killing sequence 
was the initial step. The way in which the ermine initially 
contacted prey dictated what it did next. If an ermine 
first seized a mouse using both a bite and a grasp, it often 
secured the mouse next. If the initial attack lacked 
either of these components , the ermine included the missing 
component in a second seizing step. Side curl was the most 
frequent securing step. Delivery of the killing bite was 
closely associated with the side curl and occurred either
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Figure 6. Major transitions seen in predatory
bouts performed by adults. Solid bands 
should be read from left to right, dashed 
or stippled bands from right to left.
The numbers shown represent the relative 
frequency of each transition and are pro­
portional to the width of the band. Data 
is compiled from 215 bouts that resulted 
in 127 kills by all adults.
0
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just before or just after its establishment.
Individual Stereotypy
There was little stereotypy in the sequencing of 
steps into successful killing bouts. The most consistent 
ermine (8) performed a certain bout only 2 5% of the time, 
while the least consistent (5) failed to use one bout for 
more than 10% of her kills (Table 2). Aspects of this 
variability will be analyzed in later sections.
Seizing Phase Variability
Seven distinct seizing steps were observed. The most 
commonly utilized initial steps were SBg (37%) , GT (21%) , 
and SB (15%) (Table 3). In spite of individual pre­
ferences, all animals employed a variety of seizing steps.
Although seizing bites without paws were used rarely 
by the other ermines, 5 initiated 51% of her predatory 
bouts with SB. She performed 85% of all seizing bites 
without grasp performed by a dults. This individual varia­
tion is also obvious if the initial attack is analyzed 
according to the components comprising the step (Table 4) . 
The combination of bite and grasp occurred in 4 5% of all 
attacks, grasp-only steps (G, SG, GT) occurred 36% and 
bite-only (SB, KG) steps 19% of the time.
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Table 2. The composition of most frequently 
observed successful bouts
Ermine Bout Composition
Proportion of 
Successful Bouts
3 SBg—T-'SC—KBg 0.11
SBg-T-KBg-SC 0.11
SG—SBg—SC—KBg 0 .11
5 SBg-SC-KBg 0 .10
SB-P-UC-KBg-SC 0 . 07
SB—T —UC —KBg — SC 0. 07
8 SBg-SC-KBg 0.25
Blue SBg—T —SC—KBg 0.16
KBg-SC 0 .10
White GT-UC-SC-KBg 0.14
SG-KBg-SC 0.11
Red KB-P-SC 0.50
All SBg-SC-KBg 0 . 08
animals SBg-T-SC-KBg 0 .08
Table 3. Observed frequencies of initial seizing steps
Type of 
Attack
Ermine
Totals3 5 8 Red White Blue
SG 8 1 0 0 9 1 19
G 0 1 2 0 5 4 12
GT 2 5 9 0 23 7 46
SBg 17 16 15 0 17 15 80 -
SB 1 28 2 1 0 1 33
KBg 3 3 1 0 4 6 17
KB 1 1 0 3 0 3 8
Total 32 55 29 4 58 37 215
COOÏ
Table H. Observed frequencies of initial seizing steps grouped by
components of restraint. See text for further explanation.
Component(s)
Ermine
of attack 3 5 8 Red White Blue Totals
seizing bite 
only
1 28 2 1 0 1 33
seizing bite 
& grasp
17 16 15 0 17 15 80
grasp only 10 7 11 0 37 12 77
killing bite 
only
1 1 0 3 0 3 8
killing bite 
S grasp
3 3 1 0 4 6 17
Total 32 55 29 4 58 37 215
CO
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Blue initiated predatory sequences with a killing bite 
2 3% of the time 5 but the rest of the adults initially used 
a killing bite only 8% of the time (Table 5). Killing 
bites initiated later bouts in the killing sequence more 
frequently; 33% for Blue and 10% for the rest of the 
adults.
Twist and pluck are the transition steps linking 
seizing and securing phases. They were used about equally 
often and together accounted for 44% of all curls estab- 
blished (Table 6). Initial seizing steps comprised of a 
bite only are most often followed by T or P, while grasp- 
only steps are followed least often by T or P (Fig. 7).
Securing Phase Variability
The securing phase most commonly consisted of a 
single step - the side curl. Less frequently adults de­
livered a killing bite before SC or else prefaced SC with 
UC (Fig. 8). White often first secured prey with a UC 
(46%), while the other adults utilized UC as the initial 
securing step less often (26%). Another individual devia­
tion from the pattern illustrated in F i g . 8 was observed
for ermine 8; she prefaced a curl with KBg only 12% of the 
time. White and 3 each showed an above average tendency to 
UC before SC (31% and 27% respectively). Ermine 5 was the 
only adult to kill a mouse in UC (5 times or 17% of her 
kills). A KBg was delivered just before a curl 42% of the
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Table 5. Relative frequency of bouts initiated with 
a killing bite (KB or KBg)
Type of
Ermine
bout 3 5 8 Red White Blue Totals
first
bout
0.11 0 . 03 0 .06 0.75 0 . 04 0.23 0 .12
later
bouts
0.14 0.12 0 . 00 0 . 00 0.10 0 .33 0.11
all
bouts
0.13 0. 07 0 . 03 0.75 0 . 07 0 .24 0.12
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Table 6. The relative frequency of twist and pluck. 
Shown are the fraction of each adult 
ermine's curls established from these two 
steps.
Step
Ermine
Totals3 5 8 Red White Blue
twist 0 .27 0 .15 0.24 0. 00 0 . 21 0.35 0.23
pluck 0.27 0-27 0.12 0.75 0 . 12 0,24 0.21
neither 0 . 45 0. 59 0. 64 0.25 0 . 67 0.41 0.55
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are given for each initial seizing step
0 . 8 5
1.00
Relative
frequency
r
0.05
GT
0 . 0 7
SC
0 . 3 0
0 . 5 0
KBg
Step
0.66
3Bg KB S3
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Figure 8. Major transitions with the securing phase.
Shown are the relative frequencies of each 
transition with all steps from the seizing 
phase (including KB and KBg when used to 
initiate a bout) combined into a single 
entry. Data is compiled from all bouts 
performed by adults (n = 165) that reached 
the securing phase. Subsequent escapes are 
not shown. See F i g . 6 for further ex­
planation of methods.
X,
0 21
0*07
SEIZING m r  
PHASE
0*08 —
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time by 3.
One convention I made during the organization of step 
terminology should be mentioned h e r e . Any curl (UC or SC) 
established without a bite of some kind was still called a 
curl. This was done in spite of the fact that the presence 
of a bite is one of the main criteria defining a curl.
These incomplete or "pseudo” curls were seen in 5 9% of all 
bouts containing curls for White, but in only 8% of all 
bouts containing curls for the rest of the adults (Table
7). Rather than define a new category of behavior for 
White, pseudo-curling was analyzed within the context of a 
curl. Pseudo-curls are found in flow charts and transition 
probability matrices as transitions from grasp-only 
seizing steps to curls.
After establishing a pseudo-curl. White took longer 
than the other adults (0.96 vs. 0.13 s) to finally deliver 
a bite. Although 41% of all pseudo-curls were established 
as UC, 7 3% of these were changed to SC before a bite was 
delivered. White was successful in killing prey 83% of the 
time when he established a pseudo-curl as UC, but only 27% 
of the time when the pseudo-curl was established as SC,
Killing Phase Variability
The delivery of the killing bite generally marks the 
start of the killing phase. This definition does not hold 
true if the initial seizing step contains a killing bite
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Table 7. The occurrence and fate of pseudo-curling. 
Observations are classified by type of pseudo 
curl established and by the result of each 
bout containing o n e . Numbers in parentheses 
depict latency in seconds until a bite was 
finally delivered. See text for further 
explanation.
ermine
upright curl side curl all curls
escape kill escape kill escape kill
3 0 0 1 0 1 0
5 0 0 0 1( .05) 0 1 ( .05)
8 0 0 3 1( .05) 3 1 ( .05)
Red 0 0 0 0 0 0
White 2 10(1.08) 8 3( .57) 10 1 3 ( .96)
Blue 0 1 ( .33) 1 1 ( .10) 1 2 ( .22)
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(KB or K B g ) . The jaw hold of these two biting steps is 
repositioned from a delivery angle characteristic of 
seizing steps to a delivery angle resembling that of a 
killing bite established in association with a curl. I 
have been unable to detect consistently the precise time 
of this adjustment. It does, however, take place while or 
before SC is established. Killing bites established as 
part of the initial predatory step seem to be adjusted in 
the same manner as seizing bites. For this reason, an 
initial seizing step that includes a killing bite does not 
necessarily signal a simultaneous beginning of seizing and 
killing phases. It should be remembered that this dis­
tinction is not universal; young mice are often killed 
instantly by a killing bite delivered as part of the 
initial predatory step.
A majority of all killing bites (77%) were delivered 
in close association with a curling step (Table 8). In 
only one instance was a killing bite delivered when neither 
preceding nor subsequent steps suggested a curl of some 
kind ("no curl"). Almost half (46%) of the killing bites 
were delivered in a side curl. Another 18% were delivered 
just as a side curl was being established ("almost side 
curl"). Of the 2 5 killing bites delivered during the 
initial attack (18% of all killing bites), at least two- 
thirds were later adjusted.
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Table 8. Observed positions of adult ermines during 
the delivery of the killing b i t e . See text 
for further explanation of te r m s .
Ermine
Position 3 5 8 Red White Blue Totals
initial
attack
4 4 1 3 4 9 25
follow-up
bite
1 3 1 0 0 0 5
almost UC 3 2 0 0 2 0 7
almost SC 5 4 1 0 4 10 24
transition
curl^
1 2 0 0 2 1 6
upright
curl
0 3 0 0 1 2 6
side curl 5 12 14 1 18 13 63
chaos 0 0 0 0 0 1 1
Total 19 30 17 4 31 36 137
^the ermine rolls onto its side from an established UC
to S C .
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Most prey were killed while in a side curl (86%). 
Little individual variation was seen concerning the killing 
position (Table 9). White and 5 showed a tendency to kill 
in UB and U C , respectively, and together accounted for 
virtually all of the variation observed.
Escape Analyses
Prey escaped during predatory sequences nearly as 
often as they were killed (0.70 escapes per kill. Table 
10). White had more escapes than the other adults (1.07 
escapes per k i l l ) , and Blue had the fewest escapes (0.19 
per k i l l ) .
Escapes most frequently occurred as the initial 
seizing step was being established (47% of all escapes). 
Except for killing bites, which do not lead to escapes, 
none of the initial seizing steps were more successful than 
others (Table 11).
The next most common time of escape was when predator 
and prey were in a side curl (36% of all escapes). The 
abruptness with which the mouse often went from being 
totally controlled to escaping suggests that many of these 
escapes were associated with the transition from seizing 
to killing bite. These escapes occurred early in the 
securing phase (when the killing bite is normally delivered) 
and were virtually unknown once a killing bite had been 
established.
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Table 9. Terminal (killing) steps in the killing
sequence. Shown are the relative frequencies 
observed for each individual. See text for 
further explanation.
Ermine
Position 3 5 8 Red White Blue Total
initial
bite
0 . 00 0 .03 0 . 00 0 .00 0 .04 0.00 0 . 02
SC 1.00 0.63 1.00 1.00 0 .82 0 .97 0.86
UC 0 .00 0.17 0 . 00 0.00 0 .00 0 .00 0.04
UB 0.00 0.03 0 .00 0 .00 0 .14 0 . 00 0 . 04
chaos 0.00 0.13 0 . 00 0 . 00 0 . 00 0 . 03 0 . 04
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Table 10. Number and classification of escapes
observed for each a d u l t . See text for 
further explanation.
number
of
kills
furthest point before escape
ermine
no
bite
seizing
bite curl
killing
bite
total
escapes
3 18 8 2 4 1 15
5 30 11 5 9 0 25
8 16 4 2 6 1 13
Red 4 0 0 0 0 0
White 28 15 2 11 2 30
Blue 31 4 0 2 0 6
All
animals
127 42 11 32 4 89
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Table 11. Relative frequency of initial seizing steps 
are compared for successful and unsuccessful 
bouts. All escapes (and not just those 
immediately following the initial seizing 
step) are included in the unsuccessful bouts
initial 
seizing step
type of bout
unsuccessful successful
G 0 .05 0 . 0,6
SG 0.08 0. 09
GT 0.24 0.20
SB 0.19 0 .13
SBg 0.43 0 .33
KB 0 .00 0.13
KBg 0.01 0 , 06
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Temporal Analysis
The adult killing sequence averaged 3.8 s with the 
last bout averaging 2.8 s (Table 12). A killing bite was 
delivered an average of 0.6 s into the last bout and the 
mouse died an average of 2.2 s later. All of the adults * 
killing times fit into this description quite nicely, and 
even 8 (the canine-less female) exhibited pre-killing 
bite latencies similar to the rest of the group.
Table 12. Temporal analysis of the killing sequence. Data has been gathered for 
two reference points within each sequence--the start of the last bout 
and the delivery of the killing bite. Times (in s) are given (Ï one 
standard error of the mean) for each interval described.
Ermine
sequence
time
last
bout
last bout 
before 
killing bite
last bout 
after 
killing bite
overall 
before 
killing bite
3 7.5 ± 1.4 6.2 ± 1.5 0.4 + .05 5.8 ± 1.3 1.7 ±0.5
5 3.4 ± 0.7 1.7 ± 0.2 0.6 + .08 1.0 ± 0.1 2.4 ± 0.6
8 30.7 ± 2.0 23.4 ± 5.2 1.3 + 0.4 19.4 ± 5.7 2.2 ± 0.5
Red 4.5 ± 1.7 4.5 ± 1.7 0.5 + 0.5 4.0 ± 1.7 0.5 ± 0.5
White 3.9 ± 0.6 2.6 + 0.3 0.8 + 0.2 1.7 ± 0.3 2.2 ± 0.5
Blue 1.9 ± 0.2 1.8 ± 0.2 0.4 + .06 1.4 ± 0.1 0.5 ± .07
1 1 animals-^
3.8 ± 0.9 2.8 ± 0.9 0.6 ± .08 2.2 ± 0.9 1.6 ± 0.4
^Data for 8 is not included.
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CHAPTER IV 
THE DEVELOPMENT OF BEHAVIOR
Observations on early development were made on the 
hand-raised juvenile W h i t e . Installation of the plexiglas 
nestbox on day 53 facilitated observation of activities 
inside the nestbox. Daily interactions with mice, 
initiated on day 61, revealed two obvious points. First, 
individuals varied significantly in predatory response 
rate. Ermines, even those that had previously killed, did 
not always interact with mice placed in their home cage. 
Secondly, White interacted with mice quite differently than 
did his siblings.
Preliminary Observations
General Development of the Social Isolate
When White was removed from his mother at day 3 3 he 
was a helpless infant. Although possessing deciduous 
dentition, his ears and eyes were tightly shut (they 
opened on days 38 and 40, respectively). Locomotion con­
sisted of rudimentary, uncoordinated hindleg thrusts which 
propelled White in a circular path whenever he was left
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alone. He first ate solid food on day 3 9) but did not break 
through the outer skin of a mouse until day 55.
During his seventh week of life, White rapidly de­
veloped locomotor skills. He progressed from an infant 
barely able to raise up from the substrate to a nimble 
juvenile.
Inside the Nestbox
The decision to observe the family group within the 
nestbox was made after this observation on day 51 (the 
young had not yet emerged):
I placed 3 live mice in the exercice portion 
of the home cage and observed the mother as she 
immediately rushed o u t , seized (and presumably 
killed) and brought each mouse into the nestbox 
in quick succession. Moments later, while the 
mother was outside the nestbox and in plain 
view, I heard a mouse squeak and suddenly one 
of the "dead" mice ran out of the nestbox.
On day 53, a cage fitted with a plexiglas nestbox was 
linked to the existing cage. Within a few hours the mother 
had moved the litter into the new nestbox (she had already 
shown a tendency to move the litter whenever possible).
The mother usually brought mice into the nestbox with­
out killing them. She released these mice and ignored them 
for some time (30 sec. to 3 0 m i n .) before killing them.
I saw no interactions between the mother and her young 
while the live mice were in the nestbox.
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There was very little interaction observed at any 
time between the mother and her young. She did, however, 
often sleep with her piled up litter and on day 53 pre­
vented two of her young from leaving the nestbox. I never 
saw her play with her young.
Play behavior, especially play fighting, occurred 
whenever the young ermines were a wake. Snout to snout 
biting and forepaw "boxing” were the most common forms of 
play fighting. All locomotion in playful contexts was by 
bounding. This is locomotion by alternate thrusts of both 
anterior limbs followed by thrusts of both posterior o n e s . 
Juveniles leaped into the air and came down with their 
forelegs extended, creating a distinct hopping effect.
Young ermines frequently pounced on and bit their siblings 
in the n a p e . Siblings used upright and occasionally side 
curls on one another. The young often preceded a bite with 
pinning. Pinning was done most often with both forepaws 
and occurred approximately perpendicular to the "target" 
sibling. The temporal sequencing of these predatory-like 
components during play was comparable to that during adult 
killing sequences. Killing bites were never seen and 
juveniles did not appear to hurt one another during play.
The young fed on the viscera of mice by day 53. They 
investigated live mice brought into the nestbox by their 
mother, but retreated whenever their sniffing caused the 
mouse to move. Freshly killed mice elicited very strong
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reactions from the juveniles. They licked and occasionally 
’’worried ’̂ the w o u n d . Accessible regions (ears, limbs, 
tail) were chewed, but without visible effect. Juveniles 
never tried to "kill" even a fresh carcass, nor did they 
fight for the possession of one. On one occasion a male 
dragged two unattended carcasses into an empty corner of 
the nestbox where he then fed undisturbed.
Juvenile Steps
The only predatory component utilized by juvenile 
ermines and not retained in the adult repertoire was the 
pin. However, several juvenile behaviors do not fit into 
the organizational scheme of the adults. Although such 
behaviors as tail pull, rump bite, anterior sniff, and 
posterior sniff occur before seizing steps , they do not 
appear to enhance the seizing steps that follow. Further­
more, they were virtually limited to the repertoire of 
White. Rather than include them in the seizing phase or 
ignore them, I have considered them separately in a new 
phase— the preliminary phase.
Pin Approach (PA)
A pinning component and a linear body posture may 
combine as an initial seizing step (Fig. 9). The approach 
angle is less than 90^ and the ermine places both forepaws 
on the mouse's dorsum, on the head, shoulders, or back.
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Figure 9. Pin Approach (drawn from videotape)
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Once established, the pin approach may be maintained for 
several seconds.
Seizing Bite with Fin (SBp)
Another initial seizing step combines seizing bite, 
linear body posture and pin. The approach angle is less 
than 90^, with the forepaws pinning the head or shoulder 
region. The bite is always delivered downward.
Tail Pull (TP)
The young may bite the mouse * s tail or bite and 
grasp the tail simultaneously. The ermine usually pulls 
backward, parallel to the longitudinal body axis of the 
mouse, but sometimes pulls to the side.
Rump Bite (RB)
Juvenile ermines occasionally bite at the posterior 
third of the mouse. Rump bites were always superficial and 
some may have simply prodded the mouse's hindquarters.
Anterior Sniff (Sa)
The ermine occasionally sniffed the anterior end of 
prey, usually the dorsum of the head and neck.
Posterior Sniff (Sp)
Juveniles sometimes sniffed the posterior of mice , 
almost always the region at the base of the tail.
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The Nature of the Interaction
The possibility that juvenile ermines played with or 
were aggressive toward mice was considered. Descriptions 
of play are presented above. Both adult and juvenile 
ermines frequently displayed aggressively toward me during 
our daily interactions and this behavior served as a 
standard.
Aggressive and predatory behaviors do not look the 
same. Predatory behavior is characterized by nape bites, 
grasping with the forepaws, and sustained b ites. Predatory 
attacks are initiated by forward lunges as the ermine 
reaches out with its forepaws and jaws. In aggression, no 
grasping occurs, and bites last only an instant. During 
aggression the ermine reaches its opponent by simply 
stretching its neck. The quick strike was followed by a 
return to the original position. Aggression was often 
accompanied by high pitched vocalizations ("chirps". Huff 
and Price, 19 68). Adult 8, who seldom killed unless food 
deprived, occasionally directed aggressive attacks toward 
mice, but did not seem to hurt them. The mother-raised 
juveniles sometimes interacted with mice in playful or 
aggressive ways. Juveniles in the nestbox did not kill 
mice and all bites were aggressive rather than predatory. 
Aggression also preceded certain predatory attacks before 
day 7 0.
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White * s behavior was more complicated. White commonly 
performed aggressive biting (RB and T R ) . Although the 
orientation of these attacks was quite variable, they were 
never directed to the nape. These attacks decreased in 
relative frequency as White matured.
Play behavior was the most common activity of the 
juveniles. Juveniles often initiated playful interactions 
with m i c e . These encounters invariably occurred when at 
least two juveniles were bounding about the cage, pouncing 
on and quickly leaping off their siblings. Mice sometimes 
served as targets for a pounce of this sort. These en­
counters never lasted more than two seconds and never pro­
gressed beyond this initial gesture.
Self-directed play behavior (usually toward his fore­
paw or tail), performed commonly by White, was never 
observed within the family group. While interacting with 
mice. White performed play characteristic of the other 
juveniles. He also performed a unique stretching behavior, 
usually following an unsuccessful predatory sequence. This 
display appeared similar in form to a behavior performed 
by adult ermines that encountered an unusual scent on the 
substrate. Following its discovery, the adult would rub 
its entire venter (chin to groin) over this scent in a 
back and forth motion. White performed this same behavior 
during prey encounters while some 2 0 cm from (and in­
variably in front of) the mouse and then remained
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motionless in this prostrate position for several seconds. 
The stretching behavior was often repeated.
Juvenile ermines differed strikingly in their re­
sponses to mice (Table 13). Green and Yellow ignored mice 
in the home cage long after Red and Blue consistently 
killed prey. Red and Blue did not kill the prey quickly. 
Before day 81, mice wandered about the home cage unhurt for 
1 to 20 minutes; Green and Yellow had adequate opportunity 
to interact with them.
Individual ermines varied from one day to the next in 
the vigorousness of their interactions with mice (Table 13) 
After a juvenile killed, it did not always kill or attempt 
to kill on subsequent days. Red and Blue became consistent 
killers after days 72 and 77, respectively, while Green and 
Yellow did not kill consistently until day 90 (Table 14). 
White first killed on day 69, but did not kill consistently 
until day 90.
The predatory success of one juvenile always aroused 
interest among its siblings. After day 80, each sibling 
tried to secure prey for itself by pulling the mouse from 
the killing ermine’s grasp. A juvenile ermine that had 
just killed would usually leave its prey in favor of a live 
mouse. Siblings frequently increased the intensity of 
their pouncing play when one of their number was engaged in 
a killing sequence or any bout in the securing phase and
Table 13. The "intensity" of interactions between juvenile ermines and mice. Daily encounters have been subjectively 
ranked according to the following scale:
1 = No interest, 2 = Occasional interest or attack. Attacks consist of initial seizing step only, 3 = 
Orientation toward mouse most of the time. Attacks and escapes are followed up, and the sequence may 
progress into the securing phase, 4 = The mouse is killed, although the killing bout may be prefaced by 
hesitation or play, 5 = Tiie mouse is pursued directly and killed immediately. Intermediate ranks occur 
as a result of variability within a single interval. On certain days, no data (ND) were gathered.
Days (after birth)
ermine 6 > 6  2 63-64 65-66 57-58 59-70 71-72 73-74 75-76 77-78 79-80 81-82 83-84 85-86 87-88 89-90 91-82 q ;_9U 95-96
1 1 1 3.5 4 4 4.5 4 4.5 4 5 5 5 5 5 5 5
1 1 1 1 3 1 1 4. 2.5 4.5 4 4 4.5 ND • 5 5 5
Green 2 - 1 1 2 1 2.5 1 3 2 2 2 ND 2 4 5 5 4.5
Yellow 2 - 1 2 2 2 2 1 4 2 2 ND ND % ND 5 4 5
'/hi te 1 2 1 1 2 2 2,5 3 4 3.5 3 3 3 3 3 4.5 4 5
I'able 1^. The predatory success of juvenile erii'ines. Entries indicate the days on which juveniles killed 
mice. Two unsuccessful days (71 and 76) are omitted. No Data (ND) were gathered on day 89.
Days (after birth)
Ermine 6 9 69 70 72 73 74 75 7 7 78 79 80 81 82 83 84 86 86 87 88 89 90 91 92 93 94 96 96
Red X X X X X X X X X X X X X X X X X X ND X X X X 7:
Slue X X X X X X X X X X ND X X X X X X
Ireen ND X X X X X X V
Yellow X ND X X X X X
itiite X X X X X X ND X X X X X X X
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pounced on both predator and prey.
On occasion, juveniles became involved in the predatory 
sequence of one of their siblings. Red once upright curled 
on Blue while Blue was killing a mouse. On another occasion 
Red side curled on the venter of a mouse that Blue was 
already side curling. Similarly, Yellow and Green each 
tried to side curl with mice already maintained in a side 
curl by Red. In these four instances the meddler was u n ­
successful and gave up after a few seconds.
One or more juveniles occasionally attacked and 
"killed” a mouse already killed by a sibling. Green and 
Yellow showed great interest in dead mice while ignoring 
live prey. Furthermore, Green first side curled on a dead 
mouse almost a week before she side curled on live prey. 
White consistently interacted with its dead prey. The form 
of these interactions ran the gamut from tossing the mouse 
away and pouncing on it again to side curling and delivering 
a killing bite. This behavior often continued for 10-15 
minutes and sometimes for more than an hour after a kill.
Temporal Association of Steps
Like the adults, juvenile ermines combined predatory 
steps into killing sequences. Unlike the adults, however, 
the juveniles were not always successful in their attempts 
to kill mice. The definition of a sequence must be broaden­
ed to include all attempts of a juvenile to kill its prey.
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regardless of the final outcome. In an unsuccessful se­
quence, the ermine ultimately left the mouse and initiated 
some other activity such as play, feeding, or sleeping.
Most unsuccessful bouts ended with escape by the 
mouse, but some ended with retreat by the ermine. White 
retreated 5 2 times, the four other juveniles retreated a 
total of 12 t i m e s .
The data on which Fig. 10 are based is presented in 
matrix form in Appendix D. The relative frequency of 
transitions, both preceding and following, between steps 
is shown in Appendix E. The same information is pictured 
diagramatically in Figure 10 (for explanation of symbols 
used see Appendix A ) . Juvenile predatory bouts progressed 
in a step-wise fashion (Fig. 10). Juveniles were less 
variable in the use of first seizing steps than adults were 
(compare Figs. 10 and 6). Preliminary steps, although not 
shown, were seen on occasion.
The most frequent killing bout sequences accounted for 
only a small proportion (8%) of all bout sequences used by 
juvenile ermines (Table 15). The two ermines with the 
smallest total number of kills (Green and Yellow) were the 
most and least consistent in the use of any single bout.
Preliminary Phase
It was rare for any juvenile except White to utilize 
a step from the preliminary phase during encounters with
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Figure 10. Major transitions seen in predatory bouts 
performed by juveniles. Solid bands 
should be read from left to right, dashed 
or stippled bands from right to left.
The numbers shown represent the relative 
frequency of each transition and are 
proportional to the width of each band. 
Escapes and retreats are not always 
followed up. Data is presented from 2 95 
bouts.
X
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Table 15. The composition of most frequently observed 
successful bouts.
ermine bout composition
proportion of 
successful bouts
Red SBg-SC-KBg-UB 0 .11
SG-SBg-UC-KBg-SC 0 . 06
Blue SBg-SC-KBg 0,20
SBg-T-SC-KBg 0.10
SBg—P—SC—KBg 0.10
Green SBg-SC-KBg 0.22
SG-SBg-SC-KBg 0 .22
SG-KBg-SC 0.22
Yellow None
White SG-SBg-UC-SC-KBg-UB 0.18
SGb-SC-KBg-UB 0.18
all SBg-SC-KBg 0 . 08
animals SG-KBg-SC 0 .05
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mice (Table 16). White usually followed a preliminary step 
with retreat (57%) while his siblings usually followed with 
a seizing step (72%).
Preliminary steps were seen less often as the juveniles 
matured (Table 17). Bouts containing one or more pre­
liminary steps were common (3 3% of all bouts) between days 
61 and 7 2 for the mother-raised juveniles, fell to 4% 
between days 7 3 and 84, and fell to zero after day 84.
White did not follow this trend, but employed preliminary 
steps in 43%, 57%, and 35% of all bouts for the three 
respective intervals.
The mother-raised juveniles performed 17 sniffing 
steps (Sa and Sp) and one bite (TP). The social isolate 
performed sniffing steps most commonly early in the study, 
but later preferred biting steps (TP and R E ) . Biting steps 
peaked in occurrence early in the third interval, then 
decreased rapidly and became almost unknown by the end of 
the study.
Seizing Phase
Juvenile ermines exhibited little individuality with 
respect to initial seizing steps (Table 18). SBg and SG 
initiated most bouts (42% and 28% of all bouts respectively). 
PA and SBp were the next most commonly used initial s teps. 
Juveniles did not perform G T , a common adult seizing s t e p .
Table 16. The occurrence of preliminary steps in the predatory bouts of 
juvenile ermines. Activities subsequent to these steps are 
shown for each juvenile.
Ermine
number 
of bouts
number of 
bouts with 
prelim, steps
seizing
step
subsequent activity
prelim, 
step escape retreat
Red 97 2 2 0 0 0
Blue 52 1 1 0 0 0
Green 49 10 6 1 0 4
Yellow 18 5 4 0 0 0
White 114 49 19 4 2 28
(D
7 0
T a b l e  17. T h e  d i s  t r i b u t  i o n  o f  liniri iicir-y .. Lo t s  ov'^r- tiiinj.
Observed f r.-‘queucicJ //ItliJn each irtei'val are shewn 
The riuii\t-ei' of bouts observed dL'rinp, each ir.tervol i 
prest-nted in porei;theu'.!n .
Days (.lifter birldi)
Ermine Step 63-72 7 3 - 8 It S 5 - 9 G Totals
Sa 1 0 0 1
Sp 1 0 0 1
Red TP 0 0 0 0
P.b 0 0 0 0
totals 2(20) 0(43) 0(34) 2(97)
Sa 1 0 0 1
Sp 0 0 0 0
Blue TP 0 0 0 0
RB 0 0 0 0
totals 1(10) 0(18) 0(24) 1(52)
Sa 2 1 0 3
Sp 6 1 0 7
Green TP 0 0 0 0
RB 0 0 0 0
totals 8(10) 2(14 ) 0(25) 10(49)
Sa It 0 0 4
Sp 0 0 0 0
YellovJ TP 0 1 0 1
RB 0 0 0 0
totals 4(6) 1(4) 0(8) 5(18)
Sa 1 4 0 5
Sp 1 12 4 17
White TP 1 10 5 16
RB 0 7 8 15
totals 3(7) 33(58) 17(49) 53(114)
71
Table 18. Observed frequencies of initial seizing 
steps for each juvenile.
Type of
Ermine
attack • Red Blue Green Yellow White Totals
G 0 1 0 0 0 1
PA 8 2 5 3 13 31
SG 24 9 11 1 37 82
GT 0 0 0 0 0 0
SB 8 3 2 1 2 16
KB 4 0 0 0 0 4
SBg 40 30 18 10 27 125
SBp 11 6 6 2 5 30
KBg 2 1 3 0 0 6
totals 97 52 45 17 84 295
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Juveniles used a greater diversity of initial seizing 
steps as they matured (Table 19). New initial seizing 
steps appeared between days 7 3 and 84 (KBg) and between days 
85 and 96 (KB and G ) . PA and SBp became less common, A 
gradual decrease in the occurrence of PA and SBp was 
correlated with a comparable increase in their grasping 
counterparts (Table 20).
While failed to complete seizing steps on occasion; 
he established a pin or grasp but closed his jaws too soon 
and prodded the m o u s e 's nape rather than biting it. Such 
intention biting occurred throughout the study and occurred 
in 15 of his 32 initial '^bites” (SBg or SBp) . No other 
juvenile ever performed an intention bite.
Juvenile ermines performed twist twice as often as 
pluck (26% vs 11%, of all bouts), and this margin widened 
as the study progressed (Table 21). Only one juvenile.
Red, performed P more often than T. The probability of 
either a twist or a pluck preceding a curl decreased during 
the last interval.
Securing Phase
Side curl or upright curl usually followed the seizing
phase (54% and 32%, respectively), (Fig. 11). The relative
frequency of UC decreased as the juveniles matures (Table
22), but after day 84, White performed UC twice as often as 
the other juveniles (47% to 22%).
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Table 19. Observed frequencies of initial seizing 
steps for juvenile ermines. Data are 
presented for three successive 12 day 
intervals.
Initial
Step
Days (after birth)
61-72 73-84 85-96 Totals
G 0 0 1 1
PA 13 13 5 31
SG 6 31 45 82
GT 0 0 0 0
SB 5 4 7 16
KB 0 0 4 4
SBg 14 51 60 125
SBp 10 17 3 30
KBg 0 1 5 6
Totals 48 117 130 295
7U
Table 20, The z'elatj onshi.p bet i*.-en tV'O I'aiTs (PA, SG and SSp, 
SBg) of initial sei.?.ing ';1 epb . Observed re3a1ive 
frequencies arc shown tJiose four steps dueing each
interval. DciLd are included from all live juveniles.
Dayu Cartel' birth)
I’rini ne Step 61-72 7 3-84 85-96
PA D. 15 0 .09 0 .03
SG 0.25 0.23 0.2 6
Red SBg 0 . 25 0.47 0.44
SBp 0,15 0 . 16 0. 03
PA 0.20 0.00 0 . 00
SG 0 .10 0.17 0 . 21
Blue SBg 0.30 0 ,67 0.63
SBp 0 . 40 0 . 06 0 . 04
PA 0.38 0 ,17 0 . 00
SG 0.00 0.17 0.36
Green SBg 0 .13 0,4? 0.48
SBp 0.38 0.25 0 .00
PA 0.33 0.33 0.00
SG 0. 00 0. 00 0.13
Yellow SBg 0 . 67 0.33 0.63
SBp . 0.00 0.33 0.13
PA 0 .75 0 .15 0.10
SG 0.00 0.35 0 . 54
White SBg 0.25 0 . 3? 0.33
SBp 0 . 00 0 .12 0 .00
PA 0.27 0 .11 0 . 04
All SG 0.13 0 . 31 0.45
Animals SBg 0.20 0.44 0.46
S Bp 0.21 0 . ] 5 0.0?
— —— - - .-I- - - --— - — — —_— _ _
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Table 21. Observed numbers of twist and pluck for each 
juvenile. Data are from three successive 12 
day intervals. Numbers of curls established 
or attempted by each juvenile are in 
parentheses.
Days (after birth)
Ermine Step 61-72 73-84 85-96 Totals
Red
T 1(9) 5(27) 2(22) 8(58)
P 2 7 1 10
T 1(1) 3(12) 7(19) 11(32)
Blue
P 0 2 3 5
T 0(0) 4(4) 3(16) 7(20)
Green
P 0 0 0 0
T 0(0) 1(1) 3(7) 4(8)
Yellow
P 0 1 1 2
T 0(0) 7(16) 2(18) 9(34)
White
P 0 0 0 0
All T 2(10) 20(60) 17(82) 39(152:
Animals
P 2 10 5 17
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Figure 11. Major transitions within the securing 
phase. The relative frequency of each 
transition is shown, All steps from the 
seizing phase (including KB and KBg when 
used to initiate a bout) are combined 
into a single entry. Data are included 
from all juveniles and includes all bouts 
(n = 14 9) that reached the securing 
phase. Subsequent escapes and retreats 
are not shown. See F i g . 6 for further 
explanation.
0-15
0-07
se!zingY T ¥
PHASE
0-04
f
0-04
77
Table 22. Numbers of upright curls used as first 
curling steps. Data from all five 
juveniles are partitioned into three 12 
day intervals. Numbers of curls assumed 
are shown in parentheses.
Ermine
Days (after birth)
Totals61-72 73-84 85-96
Red 5(8) 9(27) 5(18) 19(53)
Blue 1(1) 3(11) 2(17) 6(29)
Green 0(0) 2(2) 4(16) 6(18)
Yellow 0(0) 0(1) 2(8) 2(9)
White 0(0) 9(15) 9(19) 18(34)
Totals 6(9) 23(56) 22(78) 51(143)
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White commonly established curls without first de­
livering a bite (Table 23). Only four of the 19 pseudo­
curls White established led to a kill, and no bites were 
ever delivered after any of the 15 unsuccessful pseudo­
curls. The majority of W h i t e ’s pseudocurls followed SG or 
PA; only three followed intention biting.
The mother-raised juveniles rarely established pseudo- 
durls (7% of all curls). When they did, however, they 
usually killed the mouse (63%).
Killing Phase
A majority of all killing bites were delivered when 
ermine and mouse were in a side curl (57%, Table 24). The 
juveniles showed more variability as they matured (Table 
25). Between days 85-96, the juveniles delivered 25% of 
all killing bites either as initial seizing steps or 
immediately thereafter as follow-up bites compared with 
only 10% before day 85. Juveniles older than 8 5 days were 
more likely to deliver killing bites just before establish­
ing a curl (13%) than were younger juveniles (3%).
Young ermines used upright bites and side curls 
equally often as terminal steps in the predatory sequence 
(Table 26). Upright biting was more common early in the 
study, while later more mice were killed in SC. Terminal 
steps varied considerably between individuals and over time.
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Table 23. The numbers of curls established without a 
bite for each juvenile. Data are presented 
for three successive 12 day intervals. The 
total numbers of curling postures assumed 
are shown in parentheses.
Days (after birth)
Ermine 61-72 73-84 85-98 Totals
Red 1(8) 4(27) 0(18) 5(53)
Blue 0(1) 0(11) 2(17) 2(29)
Green 0(0) 0(2) 0(16) 0(18)
Yellow 0(0) 0(1) 1(8) 1(9)
White 0(0) 9(15) 10(19) 19(34)
Totals^ 1(9) 4(41) 3(59) 8(109)
^Data for White is omitted.
Table 24. Positions of juvenile ermines during the delivery of the killing 
bite. See text for further explanation of terms.
Position
Ermine
TotalRed Blue Green Yellow White
initial attack 6 1 3 0 0 10
follow-up bite 6 0 0 1 1 8
almost UC 1 0 0 0 1 2
almost SC 2 1 3 1 0 7
transition curl^ 2 2 1 0 1 6
upright curl 4 0 0 2 0 6
side curl 21 16 4 3 8 52
^The ermine rolls onto its side from UC to SC.
00o
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Table 25. Variation in the positions assumed by 
juvenile ermines during the delivery of 
the killing bite (relative frequencies)
Days (after birth)
Position 61-84 85-96 Totals
initial attack 0 . 03 0 .15 0.11
follow-up bite 0 . 07 0.10 0, 09
almost UC 0.03 0.02 0 . 02
almost SC 0.00 0.11 0.08
transition curl^ 0 . 03 0 .08 0.07
upright curl 0 . 03 0, 07 0.07
side curl 0.79 0.46 0.57
^The ermine rolls onto its side from UC to SC.
Table 26. Terminal (killing) steps in the predatory sequence (relative 
frequencies).
Ermine
Days
61-84
(after birth)
85-96 Totals
SC UB SC UB SC UB
Red 0.29 0.71 0.33 0.66 0.31 0.69
Blue 0.33 0.66 1.00 0.00 0.80 0.20
Green 0.00 0.00 1.00 0.00 1.00 0.00
Yellow 1.00 0.00 0.25 0.75 0.40 0.60
White 0.50 0.50 0.22 0.78 0.27 0.73
Totals 0.33 0.66 0.59 0.41 0.50 0.50
00ro
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The vast majority of all killing sequences utilized 
the curling posture. Three exceptions were observed (all 
by Red) , and each employed a killing bite in the initial 
seizing step.
Changes in Form
Although the majority of all steps remained constant 
in form during ontogeny, certain progressive changes in 
the composition of steps and associated activities occurred. 
The nature of these changes made them difficult to quantify, 
yet they included some of the most obvious (and perhaps 
significant) developmental differences noted.
Although the angle of approach influences which 
seizing step follows it, it has not received much attention 
in this study. Young ermines showed a strong tendency to 
circle around mice they approached head-on and to attack 
from the side or rear. These attacks usually came as SBg, 
SG, or PA. Later, the juveniles (especially Red and Blue) 
did not circle mice as often, but attacked directly. The 
approach angle was simply a consequence of the initial 
orientation of the two animals. When attacking from in 
front juveniles bent their necks backward just before 
biting, delivering the bite from the rear. White remained 
very prone to circling throughout the study.
The sight of a mouse moving away increased the likeli­
hood of investigation or attack (usually SG) early in the
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study. This apparent correlation vanished by day 7 2 for 
all juveniles except W h i t e . White continued to limit most 
of his attacks to retreating mice until approximately day 
92 .
The component composition of SG and PA are quite 
similar (Figs. 4 and 9, respectively). Towards the end of 
the study, juveniles often prefaced the grasping in SG with 
a short pinning jab by the forepaws. This was not seen 
earlier, when juveniles either pinned or grasped (that is, 
PA or S G ) , but not both. Pinning also became integrated 
into SBg as the juveniles matured.
The curl changed considerably during development. 
Initially hindlegs were not utilized successfully by 
juveniles for either UC or SC. Juveniles attempted to 
clutch the p r e y ’s hips with their hindlegs, but did not 
restrain them. Almost as soon as the hindlegs contacted 
the mouse, they returned to the substrate and supported the 
ermine. Juveniles occasionally established curls and even 
killed mice without using their hindlegs to hold the prey. 
After establishing several curls on prey, each juvenile 
became adept at restraining mice with its hindlegs. Juve­
niles also worked mice off their feet in SC more frequently 
later in the study. This same progression was seen in 
individual sequences; mice were more likely to be off their 
feet later than earlier in the sequence.
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Escape Analyses
Most escapes occurred before the establishment of a 
curl (71%) (Table 27). Escapes decreased in frequency over 
time (Table 28). Initially, bouts seldom progressed into 
the securing or killing phases, as prey escaped during the 
seizing phase. All escapes within the killing phase 
occurred after day 85.
A total of 6*4 retreats (9 following escapes) occurred 
during predatory sequences (Table 29). White retreated 
most often (46% of his bouts), usually following prelimi­
nary steps. All individuals retreated less often as they 
matured -
Temporal Analysis
Mean killing t i m e s , as well as other clearly defined 
intervals within the killing sequence, varied between 
individuals (Table 30). Red and Blue began to kill con­
sistently earlier than did the other juveniles; Because 
temporal data was quite similar for these two individuals, 
it was consolidated to show how killing times varied over 
time (Fig. 12). Red first killed on day 68, while Blue 
first killed on day 77. Their killing times declined 
abruptly after the first few kills because the juveniles 
lost fewer mice later in the sequence. If the mice did not 
escape early in the sequence, they did not escape. Other
Table 27. Point in killing sequence when mice escaped from 
juvenile ermine.
furthest point before escape
ermine
number of 
sequences
prior 
to bite
seizing
bite curl
killing
bite
total
escapes
Red 41 18 20 16 2 56
Blue 25 8 14 9 0 31
Green 30 13 14 7 2 36
Yellow 14 4 6 1 1 12
White 39 31 7 17 0 55
Totals 149 74 61 50 5 190
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Ermine Phase 61-72 7 3-84 8 5-96 Totals
seize 0 . 60 0.35 0. 32 0 .39
Red secure 0.75 0,30 0.17 0 .31
kill 0 . 00 0 . 00 0.05 0 . 03
seize 0.90 0.39 0.29 0.44
Blue secure 1. 00 0.45 C . 18 0 .31
kill ND 0 . 00 0. 00 0. 00
seize 1.00 0.83 0,36 0 . 60
Green secure ND 1.00 0 . 4M 0 . 50
kill ND ND 0 .18 0 -13
Yellow
White
seize 
secure 
ki] 1
seize
secure
kill
All
Juveniles
seize
secure
kill
1.00
hD
ND
0 . 67 
0 . 00 
0 . 00
1 . 00 
HD 
ND
0.39 
0 . 60 
0 .00
0.25 
0 .17 
0.20
0. 81 
0.78 
0.00
0 . 4 3 
0 . M 3
0. :o
0 . 41 
0.44 
0.00
0 .35 
0 . 29 
0 . 07
0.59 
0 .14 
0-17
C .43 
0.52 
0 .00
0.45 
0 .38 
0.03
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Table 29. The distribution of retreats over time for 
juvenile ermines. Observed frequencies are 
shown for three successive 12 day intervals. 
Numbers in parentheses denote the retreats 
that occurred within a killing sequence.
Ermine
number of 
sequences
Days
61-72
(after
73-84
birth)
85-96 Totals
Red 41 1(1) 2(2) 0 3(3)
Blue 25 0 0 0 0
Green 30 3 3 0 6
Yellow 14 1 2 0 3
White 39 3 34(3) 15(2) 52(5)
totals^ 110 5(1) 7(2) 0 12(3)
Data for White is omitted.
Table 30. Duration of the killing sequences of juveniles.
Ermine
Average Duration in Seconds
entire
sequence
overall before 
killing bite
last bout 
before 
killing bite
last bout 
after 
killing bite
entire
last
bout
Red 17.0 8.7 3.3 8.3 11.6
Blue 13.9 6.0 2.2 7.9 10.1
Green 17.8 7.2 2.1 10.6 12.7
Yellow 19.0 12.3 9.9 6.7 16.6
White 33.1 13.3 2.4 9.8 12.2
Totals 18.4 9.9 3.2 8.5 11.7
00
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Figure 12, The duration of both successful and un­
successful bouts within killing se­
quences decrease over time. The upper 
area represents the duration of all un­
successful bouts within the killing 
sequence. The middle area corresponds 
to the latency to deliver a killing bite 
in successful bouts while the lower area 
depicts duration following delivery of 
the killing bite. Data are combined for 
juveniles Red and Blue.
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intervals within the killing sequences also showed gradual 
declines up to day 84, after which they no longer declined 
noticeably,
The three other juveniles did not kill consistently 
until the last week of the study. Green and Yellow showed 
sharp decreases in overall killing time after their first 
kills 5 but White did not begin to kill more quickly until 
day 90. The most significant decrease was in the latency 
to deliver a killing bite during the last bout. After 
only one or two kills , Green and Yellow were equivalent to 
Red and Blue in this respect (for Yellow, this latency 
dropped from 4 0 s during the first kill to 1.5 s during 
the second k i l l ) .
CHAPTER V 
DISCUSSION
Prey Killing Behavior of Adult Ermines
Many behavioral acts contribute to the killing effi­
ciency of Mustela erminea. Two very different bites are 
employed (seizing bite and killing bite), although each is 
highly oriented and sustained. The superficial nature of 
the seizing bite is at first striking; ermines bite prey 
without causing injury. Its function is to seize prey and 
this is an important role. The ermine also seizes prey 
with its forepaws and orients this grasping to the thorax. 
Prey are then further restrained ; the ermine wraps its 
body alongside the m o u s e ’s, which it grasps with its fore­
paws and hindlegs. A killing bite is delivered as the prey 
comes under control. The ermine continues to secure its 
prey until it can be killed.
Ermines used at least seven different methods con­
stituting every possible combination of seizing bite, 
killing bite, and grasp to seize prey. The initial seizing 
step was related to the angle of approach. One initial 
seizing step, SG, follows low angle approaches only ; SB
and KB always follow medium angle approaches, SBg and KBg
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follow low or medium angle approaches, and G, and GT can 
follow an approach of any angle. In general, low, medium, 
and high approach angles are associated with attacks from 
behind, the side, and the front, respectively. Because 
ermines occasionally approached prey circuitously, both 
the angle of approach and the initial seizing step may 
reflect individual preferences.
The rare upright curl lasted only an instant and 
typically linked the seizing phase with SC. Upright curl 
seems to be the most secure of the securing steps. The 
weight of the e r mine’s thorax bears upon the m o u s e ’s back 
while a seizing bite, grasping with the forepaws, and 
holding with the hindlegs also help secure the prey. Even 
the hunched-up hindquarters of the predator help hold the 
mouse in position.
Although the upright curl is the most stable securing 
step, SC is the most conducive to killing. Perhaps its 
most significant advantage over UC is that the mouse is 
taken off its feet and rendered helpless.
The restraint provided by the hindlegs appeared to be 
an important aspect of SC. Toward the end of a sequence, 
mice appeared to be folded in half by the extension of the 
ermine’s hindlegs. In this position, the mouse was totally 
helpless. The mechanical advantage of the killing bite 
also may be improved by stretching the p r e y ’s body (Gossow, 
1970) .
94
Killing bites were not delivered haphazardly. They 
occurred as initial seizing steps only when the mouse was 
stationary. Only three escapes occurred after a killing 
bite was established in a curl. It appears that the 
ermine delivers a killing bite only when its prey is re­
strained. The predator’s coordination, strength, and 
experience help to determine when the killing bite can be 
delivered and individual variation may account for some of 
the position differences observed (Table 8).
It was often impossible to determine if more than one 
killing bite was delivered. In some cases, a single bite 
surely killed the prey, although repeat biting occurred on 
occasion. Although the canines were never completely freed 
from the mouse when repeat biting, these secondary bites 
were probably adjustments of the bite. The canines of 
felids are elegantly shaped for separating the vertebral 
column of prey, and proprioceptors may guide them to a 
vertebral junction (Leyhausen, 1965). Repeat biting may 
provide the proprioceptors with necessary additional infor­
mation. Even if repeat bites are not adjusted, greater 
force to a single point may be achieved. Dissection of 
kills shows that ermines kill both by severing the atlas- 
axis complex and by piercing the base of the skull (usually 
just behind one e a r ) .
Predatory behavior in Mustela erminea constitutes a 
series of behavioral acts that enables the predator to
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place and sustain a highly oriented killing b i t e . The 
ermine organizes these behaviors into complex sequences 
when conditions require maximal efficiency, but can kill 
innocuous prey quite simply.
Experimental Limitations
Before prey killing behavior for Mustela erminea can 
be compared with that of other carnivores , the limitations 
of the present study should be examined. What can be 
gained through the observation of ermines pursuing and 
killing laboratory mice in a 20 x 61 x 61 cm enclosure?
This study deals with prey killing behavior in the strictest 
sense. Related behaviors such as hunting methods are not 
considered ; nor are other types of prey used. I have dealt 
only with the behaviors adult ermines use to kill accessi­
ble mice.
The small killing arena certainly limited the mouse ̂ s 
ability to evade the predator. However, laboratory mice 
were so indifferent to ermines that most did not try to 
escape until the predator was upon them. A few laboratory 
mice evaded the ermines as actively as Peromyscus, although 
not all Peromyscus attempted to e scape.
What effect did prey choice have upon the organization 
of killing sequences? Although not representing a maximum 
prey size, a 3 0 gm mouse is a good choice for typical prey
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of 7 0-12 0 gm Mustela erminea (Hamilton, 193 3; Day, 196 8).
The most significant difference between my set-up and 
nature may have been the type of encounter staged. In the 
wild, an actively hunting ermine would perceive, pursue, 
and kill mice. Encounters in somewhat open terrain 
suggest a low angle attack toward a fleeing mouse. I 
predict SBg or SG as an initial seizing step under these 
circumstances and little variability would be expected. If 
the terrain is especially complex or if the mouse "freezes" 
as an antipredator device (e.g. Erlinge, 1975; Jamison,
197 5), prey may be encountered at any angle and different 
seizing steps employed. Erlinge has observed European 
field mice (Apodemus sylvaticus) remaining motionless 
while the searching weasel passes by only inches away.
Some rodents rear up on their hindlegs to face a 
predator. This makes their nape less accessible to attack. 
The stoat (Mustela erminea) feints frontal attacks toward 
rats that rear up until they flee, making a low angle 
attack possible (Gossow, 1970).
The litter of ermines was reared in a restricted 
environment. The effects of this artificial situation can­
not be assessed. It is assumed that the laboratory environ­
ment generally provided both the social and physical input 
necessary for prey killing behavior to develop normally.
If the environment was difficient, it was likely a result
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of cage design and feeding schedule. These factors could 
affect the rate of development. For this reason the 
present study does not necessarily depict the absolute age 
at which young ermines develop into efficient predators. 
This issue can be addressed only when observations are made 
on young ermines reared under natural conditions.
Environmental Influences on Killing Behavior
The type of prey used in an experimental study of 
predation affects the data gathered. Physical character­
istics of the prey, habitat, and the predator’s familiarity 
with the prey also may affect the ensuing killing sequence. 
The ermines used in this study, especially the larger 
individuals, seldom curled while killing young (10-15 gm) 
laboratory mice. If the mouse remained stationary during 
the approach, the ermine established a killing bite and 
killed the prey instantly. An audible crunch, presumably 
the sound of the skull being crushed, was often heard.
The manner in which long-tailed weasels (Mustela 
frenata) kill large prey (cottontail rabbits, SyIvilagus 
s p p ,) is described by Allen (1938) and Glover (1943), 
Rabbits are formidable prey for a weasel and not all 
attempts are successful (two of G l o v e r ’s weasels could not 
be induced to attack and two of A l l e n ’s were killed by the 
rabbits’ powerful kicks). Glover reported that the weasels
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killed with a bite to the base of the skull, while Allen 
observed that his predators also raked at the ra b b i t 's 
neck with their teeth (severing the dorsal neck musculature) 
It took several minutes for a weasel to kill a rabbit.
Unusually shaped prey may pose special problems for a 
predator. Birds possess the most atypical body form 
among prey commonly taken by Mustela erminea (Hamilton,
1933; D a y , 1968). Although birds are quite defenseless, 
they are much more difficult for small felids to kill than 
are mammals because nape bites are seldom effective 
(Leyhausen, 1965). Only bites delivered by chance to the 
area between the shoulder and base of the neck are success­
ful. It may be assumed that ermines have similar problems 
in preying upon long-necked birds. Lions of the Kalahari 
Gemsbok Park consistently utilize a prey source (gemsbok. 
Oryx gazella) that can efficiently defend itself from the 
lion’s typical frontal attack. These lions evade the p r e y ’s 
horns by attacking from the rear (Eloff, 1964). The preda­
tor leaps onto the haunches of its prey and bites it in the 
back. The lion then jerks backward with its jaw hold and 
breaks the spinal cord at an anatomically weak point (the 
1umbo-sacral joint). It is not known how this peculiar 
behavior is passed on to succeeding generations.
The microhabitat in which killing occurs may affect 
the initial stages of predation by the constraints it puts 
upon predator and prey. Circumstances can be expected to
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vary during the seizure of such diverse prey items as a 
microtine within its tunnel system, a sciurid in a tree, 
and a lagomorph in open terrain.
Familiarity also affects killing behavior. Completely 
novel prey may be approached cautiously or even avoided 
(Eisenberg and Leyhausen, 1972; Ewer and W emmer, 1974). 
Experience may influence what the polecat, Mustela putorius, 
perceives as prey (Apfelbach, 1973). Apfelbach theorizes 
that olfaction serves as a sign stimulus to elicit hunting 
behavior and that this association is most easily formed 
early in life. Juvenile polecats raised with either ro­
dents or chicks as food did not respond as strongly later 
in life to the scent of the prey that they had not eaten 
during their first three months of life. Food "imprinting^’ 
has also been described in the snapping turtle Chelydra 
serrentina (Burghardt and Hess, 1966).
The Relation of Prey Size to Killing Behavior
It is difficult to characterize the prey of Mustela 
erminea because of its marked variation in size and the 
implications this has upon predation. There is a four-fold 
difference in the weights of adult males between New York, 
USA and Great Britain (Hamilton, 1933; D a y , 196 8). An 
adult Mustela erminea may weigh anywhere from 5 0-400 gm, 
depending on sex and local. Males are generally 2 5-5 0% 
heavier than females (Hall, 1951) and statistically
1 0 0
significant differences in diet have been demonstrated 
between the sexes (Erlinge, 1975). The differences reduce 
competition for food between the sexes. Because female 
ermines are thought to maintain territories within the 
larger territory of the male, competition is potentially 
important (Lockie, 196 6).
Larger individuals seem to take more lagomorphs and 
larger birds than do smaller individuals (Day, 1968). This 
habit may provide a refuge from the periodic population 
crashes of small mammals (Erlinge, 1975). In two instances 
where a population decline in weasels followed a similar 
decline among small rodents (Lockie, 1966; Erlinge, 1974), 
females appeared to suffer most. This was attributed to 
a failure of females to exploit alternate prey sources 
and perhaps social domination by the m a l e s .
The size variation among ermines used in this study 
may have influenced the results. It is possible that 
ermine 8 (69 gm) perceived and reacted to a 35 gm mouse 
differently than did Blue (121 g m ) . Larger individuals 
showed a greater tendency to establish a killing bite as 
the initial step in a bout. Although the data in this 
study are not significantly different it would be prudent 
to standardize predator size as well as prey s i z e .
Any successful killing behavior must overcome the 
strength, agility, and other defensive adaptations of the
1 0 1
prey. If the predator is very large in relation to its 
prey, involved and precise killing behavior may not be 
seen. In some cases, killing may not be clearly differen­
tiated from eating (e.g. a bear feeding on grubs). Certain 
small prey items have evolved elaborate defenses (e.g. the 
pincers, toxins, and hard exoskeletons of many arthropods) 
that must be overcome. If the potential prey is large with 
respect to the predator, killing behavior is more precise 
and complex. Large prey may be capable of physically 
damaging the predator and must be dealt with carefully. 
Killing behavior of carnivores forms a continum from simple 
situations that resemble grazing to complex ones where a 
single mistake by the predator may cause its demise.
Killing behavior iteself is only one aspect of the 
feeding behavior of carnivores. Prey must be perceived in 
space, approached, killed, and then consumed. The relative 
amounts of energy used for each aspect of feeding behavior 
vary considerably between species, and adaptations for 
each are common. Such techniques as ambushing, stalking, 
and food catching all may increase the efficiency of the 
system. In the final analysis, it is the relation of total 
cost to benefit that determines success or failure for the 
predator.
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A Survey of Predatory Behavior Among Carnivorous Mammals
The manner in which a predator kills its prey is 
limited by the anatomical equipment the predator has at 
its disposal. Because these physical structures tend to 
be most similar among closely related animals, the behaviors 
associated with these potential weapons often reflect 
phylogenetic relationships.
Prey killing behavior of carnivores is usually dis­
cussed among systematic units (families or subfamilies) 
with techniques described for the most predatory members 
(e.g. Ewer, 1973). Although a systematic discussion may 
be convenient, it may obscure certain other relationships.
If relative size is considered, the type of prey utilized 
can account for most of the diversity in predatory behavior 
among carnivores (Eisenberg and Leyhausen, 196 5).
Carnivores that take prey large in relation to them­
selves are able to do so only because there has been 
selection for characters (anatomical and behavioral) that 
promote this habit. Predators that take only small prey 
may not have experienced such intense selection pressure 
and exhibit less refined killing behavior.
It seems likely that killing first involved only the 
teeth and jaws and consisted of a series of unoriented 
bites (Leyhausen, 1965). Death was caused by the sum of 
many w o u n d s , or by the chance placement of a bite in a
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vulnerable spot. Selection would favor individuals that 
bite toward the most vulnerable areas; first those which 
tend toward the anterior of the prey (e.g. most canids. Fox, 
1969; small Indian civit Viverricula indica and large 
Indian civit Viverra zibetha, Leyhausen, 196 5) and later 
those that orient to the dorsum of the cervical or cranial 
regions.
Seizing behaviors (first using only the jaws and 
later incorporating the forepaws) permitted the prey to be 
held in place and aided the placement of an oriented bite. 
Anatomical adaptations for an arboreal lifestyle often 
limited grasping to species with this ability. Pinning 
became more characteristic of terrestrial carnivores 
(Eisenberg and Leyhausen, 1972; but see also Rasa, 1973). 
Grasping with the forepaws is usually, but not always, 
associated with oriented biting.
Head shaking is usually associated with relatively 
unoriented bites. The prey is first bitten and then shaken 
which seems to stun or disorient it and may cause its 
death (Krieg, 1964, cited by Leyhausen, 196 5). Head 
shaking may have originated in response to the defensive 
capabilities of many arthropods (Eisenberg and Leyhausen, 
1972; Ewer, 1969), or as a consequence of ambivalent attacks 
on unfamiliar prey (Fox, 19 69). In the latter case, prey 
is bitten cautiously and then quickly tossed a w a y . A
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"bite and toss" response is seen among many canids, felids, 
and viverrids.
Predators that take large prey either hunt and kill 
in groups (e.g. grey w o l f , Canis lupus ; African hunting dog, 
Lycaon p ictus; dhole Cuon alpinus; spotted hyaena, Crocuta 
crocuta; lion, Panthera leo) or else employ highly efficient 
techniques (most felids, some viverrids, and some Mustela) .
Individually efficient killers employ highly oriented 
bites and seize with the forepaws and sometimes employ the 
hindlegs. The stimuli orienting the bite may be numerous 
and complex (Rasa, 1973). Most small felids kill instantly 
with a single bite (Leyhausen, 1965), while larger felids 
and Mustela often maintain the killing grip for some time 
before death occurs. Large felids have incorporated a 
throat bite into their killing sequence and may kill by 
strangulation or by severing the spinal cord from "below" 
(Leyhausen, 1965). This bite has not replaced the nape 
bite, as both may be exhibited by a single individual. The 
cheetah (Acinonyx j ubatus) also utilizes a throat bite 
but does not possess the dental specializations of most 
cats (Eaton, 1970). The longtail weasel (Mustela frenata) 
also uses a throat bite on particularly large prey (Allen, 
1938).
Carnivores that hunt in groups often cooperate in 
converging upon prey (e.g. Canis lupus, Lycaon pictus) and
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frequently in dispatching it (e.g. Crocuta, Lycaon pictus) . 
However, dominant individuals may do most of the killing 
(Canis l u p u s , Mech, 1970). Killing is achieved by group 
harassment, individuals inflict minor wounds and occupy 
the attention of the prey until it can be taken off its 
feet. Once off its feet, the belly is ripped open and 
feeding may start before the prey has actually died (Lycaon 
pictus, Van Lawick-Goodall and Van Lawick, 1971).
Killing behavior of individual members of pack 
hunting species seems primitive compared to that of soli­
tary hunters. Selection has not acted to improve the 
technique of individuals, but for cooperative methods that 
a group can use to prey on large animals. It is not sur­
prising, therefore, that the largest taxonomic group of 
pack hunters (the canids) do not exhibit the typical 
advancements common to other carnivores. These species 
have adapted to large prey with sociality. For group 
hunters, both group size (Zimen, 197 6) and degree of 
sociality (Eaton, 19 7 4) may be intimately related to prey 
availability.
The situation is not always so obvious for the felids 
that hunt in groups. Cooperative hunting is common in 
Panthera leo (Schaller, 1972) and also occurs in Acinonyx 
jubatus (Eaton, 1974). Killing, however, is more an 
individual effort in these species than in the canids and
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includes seizing and oriented biting. One gets the im­
pression that ancestors of these animals killed in the 
typical felid manner before social hunting evolved. The 
social organization of the lion includes considerable 
aggression, and this has prompted Schaller and Lowther 
(196 9) to consider Panthera leo as not being fully adapted 
to social life. Ewer (197 3) suggests that the lion has 
only recently dispersed into open country and has become a 
social hunter in order to deal with large prey in a habi­
tat where stalking and ambushing were not effective.
The cheetah shows adaptations to a cursorial habit 
that indicate it has been living in open country for a long 
time (Ewer, 1973). It also shows a specialized use of 
the forepaws that seems to be adapted to its high-speed 
lifestyle. Acinonyx j ubatus knocks prey down by striking 
it in the flank with its long dew claw and pulling back­
wards (Eaton, 1972a). This technique is most effective 
when the prey is moving very f a s t , and stationary animals 
may present problems for the cheetah (Eaton, 197 2a).
The generality of behavioral adaptations for predation 
in Carnivora can be demonstrated by comparisons with other 
predatory mammals. Insectivores commonly utilize only the 
mouth, and if the forepaws are used, it is only to pin 
(e.g. the tenrec Tenrec ecaudatus, Eisenberg and Leyhausen, 
1972). Bites are often placed to the anterior of prey, and
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because of the limited visual acuity of many of these 
species 9 the authors feel that audition may be used to 
orient biting. Once prey is approached, a leading tendency 
directs the bite towards an anterior position. Head 
shaking is common.
The pinche marmoset (Sanguinus oedipus), as may be 
expected of an arboreal species, uses its forepaws signifi­
cantly when killing prey (Eisenberg and Leyhausen, 1972). 
Mice are grasped, drawn to the predator’s body, and then 
killed with a well defined nape b i t e .
The dasyurid marsupial, the brush-tailed marsupial rat 
(Dasyuroides byrnei), usually directs bites toward the 
anterior end, with a definite head and neck orientation 
seen for larger prey (Hutson, 1975). The initial bite is 
followed by rapid bite adjustments, and the killing place­
ment may be found by chance. Biting is not differentiated 
into seizing and killing bites, and the use of the forepaws 
may be acquired through experience. Head shaking occurs 
on occasion.
The mulgara, another dasyurid (Dasycercus cristicauda) 
is not extremely visual and movement seems to be the main 
releasing stimulus for attack (Ewer, 1969). Bites are 
sometimes oriented to the anterior end, except when the 
attack is made in haste. Head shaking follows the p r e y ’s 
struggles to escape.
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Golden hamsters (Mesocricetus auratus) prey upon 
locusts by establishing a firm grip (utilizing both a jaw 
hold and grasping with the forepaws) and simply feeing on 
it without killing it first (Polsky, 1977a, b ) . Killing 
behavior is not clearly differentiated from feeding. The 
success of the sequence depends on the stability of the 
grip. Here experience plays a role by shaping the initial­
ly random orientation into a distinct preference for the 
anterior end.
These observations suggest similar trends in predatory 
adaptations for all mammalian predators. The degree of 
similarity of killing behavior between any two predators 
seems to be more a function of common prey type, with 
allowances for relative size, than of phyletic relationship. 
Oriented bites to the head or neck, seizing (often with 
the forepaws), and use of the hindlegs are seen when preda­
tors take large prey. Reliance upon small or intermediate 
sized prey results in tendencies in this same direction.
Head shaking occurs in those species that either lack 
precise biting or prey upon invertebrates.
The Evolution of the Seizing Bite
Seizing and killing bites both probably evolved from 
the unoriented aggressive biting of primitive carnivores 
(see page 102), Individuals that placed bites to the
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vulnerable cranial region were more successful. They were 
able to kill more quickly and to kill larger prey than 
predators that did not orient their attacks. Continued 
selection pressure produced more precise orientations and 
modified the structure of the canines to facilitate forcing 
adjacent cervical vertebra apart (Leyhausen, 1965). Slender 
canines make good w e d g e s , but they are not suited for 
penetrating bone. A  canine accidentally striking heavy 
bone can be fractured. The high degree of selection 
exhibited by the ermine was possible only if killing bites 
always hit their mark.
Seizing permits killing bites to be accurately placed. 
The seizing bite probably evolved after biting became 
oriented and concurrent with the structural modification of 
the canines. An initial superficial bite permits prey to 
be held in position for a killing b i t e , but does not risk 
fracturing a canine if the prey reacts unexpectively.
The seizing bite need not be oriented as precisely as 
the killing bite, but both utilize common perceptual cues. 
Seizing has evolved to complement the killing bite and 
often exhibits a similar orientation. However, orientation 
is more general; seizing bites are more easily elicited 
and are delivered over a larger area than killing bites.
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The Development.of Predatory Behavior 
Patterns in the Ermine
In the presence of a mouse juvenile ermines reacted 
with responses almost identical to those exhibited by 
adults. Early in the study, some juveniles behaved aggres­
sively towards mice. They displayed and attacked similar 
to threatened adults. Early bouts of predatory behavior 
were sometimes prefaced with olfactory investigation.
These observations suggest that mice represented a somewhat 
threatening (or novel) stimuli to young ermines. This 
behavior quickly became replaced by predatory behavior.
Both sexes began to kill mice at about the same age. 
Yet female ermines become sexually mature at 8-10 weeks of 
a g e , nearly a full year before their male littermates 
(Deanesly, 1943; Wright, 1963). This suggests that the 
early maturation characteristic of females is quite limited 
and may be restricted to reproductive organs.
The Ontogeny of Seizing and Killing Bites
Predatory bites did not vary in form as juvenile 
ermines matured. All bites were delivered to the mouse's 
head or neck and all were sustained. The superficial 
nature of the seizing bite was evident during the earliest 
predatory sequences, while deep bites were not seen until 
later. The earliest deep bites were delivered in a side
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c u r l .
The exact orientation for biting was difficult to 
determine during early predatory sequences because mice 
quickly escaped the juveniles* jaw holds. T h u s , the 
orientation for biting could have become refined through 
experience without being detected.
The orientation of the nape bite in Felidae is re­
fined during ontogeny (Leyhausen, 1965). Leyhausen re­
ports that in very young felids the orientation is not 
specifically to the nape of the neck, but exists as a more 
general orientation toward the identation in body contour 
that defines the neck region. Kittens, then, do not 
distinguish between the throat and nape as a target for 
killing bites. This basic tendency is aided by an "orient­
ing mechanism’* that favors an attack from above and behind. 
Subsequent experiences shapes this behavior into a more 
precisely oriented bite (to the nape of the neck) that may 
follow a more generalized attack.
In Mustela erminea there was a marked tendency for 
young animals to attack from behind. If a mouse reared 
defensively to face a young ermine, the juvenile either 
retreated or tried to lunge "past" the mouse to bite at the 
nape of the neck. The t h r o a t , a more accessible target 
in this situation, was never bitten. This suggests that a 
precise orientation already existed in young ermines at 9
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weeks of age- Sibling play would not have already refined 
this orientation by 9 weeks of age, because the social 
isolate exhibited a similar orientation.
In all predators except those that exhibit the most 
highly oriented bite, the initial bite is followed by 
some form of bite adjustment. In its least derived con­
dition, these adjustments establish completely new jaw 
holds with each bite ("interant snapping". Ewer, 1973), 
while species that show a more precise initial orientation 
may adjust little or not at all (Leyhausen, 1965). All 
ermines observed performed repeat bites. Repeat biting 
was more conspicuous for juveniles than adults since the 
former took longer to kill mice once a killing bite was 
established. In any event, young ermines did not merely 
close their jaws once, but systematically "worked" them.
Head shaking also was exhibited more often by juve­
niles than adults. Both juveniles and adults performed 
head shaking only after delivery of a killing bite and 
often continued after the prey was dead and motionless.
Head shaking appeared to be independent of any action of 
the prey, and seemed positively correlated with the 
arousal of the predator.
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Movement as a Releaser for Predatory Behavior
My observations of adult ermines hunting for mice 
hidden in the laboratory suggest that v ision, olfaction, 
and audition all play a role in prey location. Movement 
and the sounds caused by the prey moving on the substrate 
appeared to be the stimuli that most often exposed their 
location. Olfaction seemed of limited importance under 
these artificial conditions (where the scent of mice was 
ever present) and "tracking" was seen only when other clues 
were not available.
Juvenile ermines always responded to the movement of 
prey. During the first few encounters, movement away or 
in a neutral direction often preceded investigation or 
attack, while an approach by the mouse led to aggressive 
or escape behavior. Predatory attack did not depend upon 
a fleeing response by prey, since stationary prey were 
also attacked. A mouse provides a variety of visual images, 
and movement simply enhances its conspicuousness.
In young ermines, the perceptual stimuli that denote 
prey must be learned to some degree. Before a young ermine 
learns just what stimuli define "mouse", prey may not be 
perceived as such. When an ermine’s eyes open at 5 to 6 
weeks of age, it is already feeding on the body juices of 
mice. The addition of visual stimuli to olfactory and 
gustatory ones help young ermines to recognize a fresh
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carcass as food and ultimately a wounded mouse as prey.
Outside of the nestbox, mice do not provide the same 
stimulus configuration; they are much more mobile and are 
not bleeding. Any movement by the mouse in the presence 
of a young ermine is certain to enhance the juvenile’s 
perception of it. An approach by this strange animal 
should elicit some sort of defense (fight or f l e e ) , while 
movement away may cause investigation or attack. The 
social isolate commonly bit at the posterior end of a 
mouse (RB, TP) and then attacked it as it ran away. This 
behavior pattern which was never performed by other 
juveniles could have "forced" the prey to improve its 
stimulus qualities (by moving away) enough to permit 
attack.
Developmental Changes in Sequence Structure
The sequencing of predatory steps changed during 
maturation- New initial seizing steps were related to a 
gradual relaxation of the tendency to attack from behind. 
Juveniles invariably attacked from behind during their 
first few encounters with mice. Older juveniles were less 
apt to circle around mice and attack from the rear, al­
though they often avoided direct frontal attacks.
Increased variability in approach angles certainly 
increases the potential for diversity among initial seizing
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steps. These steps, however, should not be considered 
discrete entities, for they represent most of the combina­
tions of seizing components possible. The variety of 
seizing steps observed is merely a measure of the complexi­
ty of one predator’s responses to prey.
The role of upright curl in the killing sequences of 
adults has been discussed (see page 10 5) and I have 
suggested that it provides the best restraint of any step 
observed. Upright curl, commonly seen during early killing 
sequences, became rare as the juveniles matured. It 
dropped out of the typical killing sequence when juveniles 
became adept at establishing side curl (SC). Upright curl 
should occur most often following either imperfect place­
ment of a seizing step or unusually vigorous responses by 
the prey.
Many escapes from SC followed a seemingly secure 
interval in that position, a mouse would suddenly leap away. 
The most logical explanation is that the transition from 
seizing to killing bite increased the chances for escape.
Any adaptation that resulted in having the mouse as secure 
as possible before attempting to switch bites would be 
extremely beneficial in preventing an escape. After 
several kills, this transition would become better coordina­
ted and less vulnerable to escape. Experienced predators 
tended to deliver killing bites at less "secure" points
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in the killing sequence.
The significance of upright biting remains uncertain, 
although it may be possible to exert more force when repeat 
biting from an upright position than from SC. Perhaps 
juvenile ermines must learn to maintain prey in a curl 
after delivering a killing bite. In any event, UB de­
clined in importance as the juveniles matured and was 
performed only rarely by adults.
The social isolate did not advance the same as his 
siblings. He did not "grow out" of his early predatory 
tendencies 5 but learned to compensate for them. As an 
ad u l t , he often attacked prey from behind and seized them 
without a bite. Upright curl was a common securing step 
and half of all curls were established without a bite.
White became a quick and efficient killer by learning how 
to deliver the initial bite while in a curl.
The prey killing behavior of Mustela erminea can be 
described as an elaborate series of behavioral acts that 
permit the delivery and maintenance of a killing bite.
Young ermines attack only in especially favorable condi­
tions 5 and follow attack with a complex string of be­
havioral acts (steps) that result in killing the prey.
With experience, individuals show a greater variety of 
attack methods and less rigid temporal sequencing of steps. 
This flexibility is demonstrated both by the omission of
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some steps and the chaining of others into new combina­
tions. The more rigid killing sequence associated with 
juveniles is still retained in the adult and utilized under 
difficult conditions.
Environmental Factors in the Development 
of Predatory Behavior
Carnivores generally exhibit protracted periods of 
care-dependency. Extended childhood increases the oppor­
tunity for interaction with adults, siblings, and other 
aspects of the environment. How important are these inter­
actions in the development of prey killing behavior?
Numerous studies have addressed this question.
Polsky's (197 5b) review of the literature reveals a general 
incongruence between ethological and psychological re ­
search in this field. Psychologists commonly utilize 
typical laboratory mammals as predators (rats and cats) 
and then measure their latency to kill other laboratory 
mammals (usually mice and rats, respectively). Ethologists, 
on the other h a n d , show a greater reliance upon "wild” 
predators and concentrate upon the manner in which prey 
are killed.
With these differences in mind, much of the conflict 
between the findings of ethologists and psychologists can 
be resolved. It is not surprising that many psychologists 
doubt the importance of predatory behavior as a class of
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behavior. Many of their predators can be induced to kill 
only with hypothalamic stimulation (Polsky, 197 5b). Most 
of the studies using domestic predators are actually 
measuring the degree to which predatory behavior has been 
perturbed during domestication and ontogeny. Since the 
extent of the former is not known, experimental manipula­
tions with respect to the latter cannot produce meaningful 
results.
By consistently focusing their attention on the 
hesitation that predators display before killing, psycholo­
gists neglect behavioral form. When a psychologist speaks 
of a factor that "promotes killing", the effect is usually 
either a reduction in killing latency (compared with 
successful controls) or simply the ability to kill (compared 
with unsuccessful controls). Statements regarding the 
promotion of killing within the ethological literature 
invariably pertain to influences that enhance the inte­
gration of components into a more efficient killing se­
quence. Rasa (1973), for instance, correctly discriminates 
the "sloppy" killing form of young Helogale parvula from 
the stereotyped adult pattern that soon replaces it.
Problems arise when similar terms are used for two separate
aspects of predatory behavior.
These differences between ethological and psychologi­
cal approaches emphasize some of the problems inherent to
11 9
the study of developmental aspects of predation. The 
choice of predator and prey must be made carefully. Con­
sidering the ease with which feeding preferences can be 
affected during development (Apfelbach, 197 3; K u o , 19 3 0), 
it is apparent that this choice is not a trivial one. 
Although natural conditions cannot be duplicated in the 
laboratory, everything possible must be done to make the 
environment as natural as possible. Developmental studies 
of wild species raised in captivity are necessary to sort 
out the environmental influences that affect prey killing 
behavior.
Descriptive accounts of behavioral ontogeny may 
suggest important environmental influences, but assertions 
can be verified only by the use of specific deprivation 
experiments. Such experiments are useful only to the 
extent that the deprivation is realistically calculated and 
then only if the desired influence can be removed without 
totally disrupting natural conditions. The general effects 
of developmental deprivation are many and complex (Fox, 
1970), and the best perturbations are as specific and 
minor as possible.
Before the data gathered on the social isolate can be 
integrated with findings from previous studies, the degree 
of his deprivation must be examined. Separation from 
maternal and sibling influences is a serious perturbation
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that may have varied behavioral manifestations. The actual 
effect of hand-rearing 5 though, has been considered to be 
a theoretical form of experiential enrichment (Fox, 1970). 
Fox feels that the transient lowering of body temperatures 
and petting that accompany hand-rearing may function to 
accelerate development. The freedom afforded to White 
before predation encounters were initiated gave him oppor­
tunities to develop locomotor skills and to experience 
novel stimuli not available to the rest of the litter.
This did not result in either accelerated locomotor matura­
tion or decreased emotionality; in fact, as an adult.
White remained more easily affected by slight changes in 
his surroundings than were his siblings.
A high degree of emotionality often characterizes 
animals reared under socially deprived conditions (Scott 
and Fuller, 196 5) and this may explain many of W h i t e 's 
abnormalities. The general differences between White and 
his siblings with respect to predatory behavior were three­
fold: White performed more behavior not generally associa­
ted with a predatory context (aggression and preliminary 
steps), he was more apt to attack from behind (and then 
only as the mouse retreated), and he seldom bit during 
initial attacks. In addition. White often "killed" prey 
long after it had died and demonstrated more arousal than 
his siblings in the presence of live m i c e . Several
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authors (Fox, 1969; Rasa, 1973; Leyhausen, 1965; He i d t , 
et a l , 1968) have observed young carnivores interacting 
with prey in a non-predatory context (e.g. play, aggression, 
scent marking). These behaviors are usually but not
always associated with juveniles not yet able to kill (e. g .
Leyhaus en * s cat s ).
Degree of Development
It is difficult to separate physical development from 
other factors affecting the ontogeny of predatory behavior. 
This problem can be overcome by varying the age at which 
juveniles first have an opportunity to engage in predatory 
acts and then monitoring their initial expertise and subse­
quent time lag until the adult level is reached. In
Panthera l e o , early predatory experience may not facilitate 
the development of killing behavior (Eaton, 197 2b). An 
individual Helongale succeeded in killing mice at an early 
age, perhaps due to the extremely "arousing" nature of the 
prey, and then failed to kill again under normal condi­
tions until it reached the usual age at which juveniles 
first kill prey (Rasa, 1973). The least weasel (Mustela 
nivalis) was initially more efficient when the first preda­
tory encounter was delayed (from the usual 6 weeks) until 
the juveniles reached 15 weeks of age (East and Lockie, 
1965). A similar positive effect of increased maturity is 
seen for the golden hamster (Polsky, 1977a). Naive adults
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however, may become efficient killers only with much 
difficulty (Adamson, 196 0; Leyhausen, 1965). Two of my 
juvenile ermines (Yellow and Green) simply did not attempt 
to kill mice until 2-3 weeks after Blue and Red were con­
sistent killers. When they finally did kill, however, they 
used their hindlegs much more efficiently while curling 
than Red or Blue did on their first kills.
These data suggest that some sort of a sensitive 
period exists for certain aspects of the prey killing 
behavior of carnivores. Predatory experience in too young 
or too old individuals may have little effect. Within the 
sensitive period, where the advantage of a few weeks of 
age can greatly increase both strength and coordination, 
slightly older juveniles may be able to integrate individual 
components faster.
Hunger
Hunger seems to be motivationally distinct from prey 
killing in mammalian carnivores (Polsky, 1975a). Although 
hungry carnivores may be more apt to seek and kill prey 
than food satiated ones, killing still occurs under many 
conditions in satiated predators. In this study adult 
ermines raised in captivity killed mice at every oppor­
tunity. One adult killed 50 mice during a two-hour film­
ing period. Although the killing response showed some
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signs of waning (e.g, more time spent exploring the killing 
arena before dispatching the mouse) , all mice presented 
were killed. Later prey were not carried to the nestbox, 
but were killed and ignored.
The first prey killed by young felids are often not 
eaten. Because young predators apparently must learn that 
dead prey constitute f o o d , hunger can not be the cause of 
kills by juveniles (Leyhausen, 1965). Fox (1969) has 
observed a similar hesitation to eat dead prey among 
canids and suggests that blood may serve as a releaser for 
eating. In this study young ermines did not hesitate to 
eat freshly killed mice, apparently the connection was 
learned through exposure to dead prey before they left the 
nestbox.
Although hunger is not crucial for the development of 
predatory behavior there is some evidence that it has the 
potential to play a positive role. Food deprivation 
facilitates the initiation of mouse killing in naive rats 
(Paul, et al. 19 71; Paul, 1972). Hunger must play some 
role in the predatory development of ermines. On day 89, 
the letter escaped from their cage into a hollow metal 
door in the l a b . When they were trapped and returned to 
the home cage, all the juveniles had been food deprived 
for at least 12 hours. They killed mice put into their 
cage as soon as the mice hit the substrate. Green killed
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her first mouse that day, while the other non-killer. 
Yellow, retreated into a corner with a fresh carcass (the 
juvenile that killed it left it in favor of a live mouse). 
Yellow killed a mouse the next day, and both juveniles 
killed consistently thereafter. Food deprived Mustela 
nivalis are more active than satiated controls, and this 
general effect may also be manifested as increased arousal 
in the presence of prey (Price, 1971). The indirect conse­
quences of hunger appear to enhance the chances that naive 
predators will kill.
Training
Training is defined here as the staging of an inter­
action between an adult predator and a prey in such a 
manner as to maximize conspicuousness to juveniles. Preda­
tory training seems to be positively correlated with the 
complexity (at either the individual or group level) of 
species-typical prey killing behavior. In its simplest 
form in those species that rely upon very small prey, 
juveniles follow adults during hunting excursions. Train­
ing may be further refined even in these species. Female 
meerkats (Suricata suricatta) coax their young to take 
food items from the m o t h e r ’s jaws (Ewer, 1953). This 
action "teaches” food type. A female river otter, Lontra 
canadensis, captures small prey and releases it again for 
her young to catch (Liers, 1951). Although the prey are
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small 5 capture is difficult because hunting generally 
occurs in the water.
Training among carnivores that that large prey often 
includes help from adults in catching and killing prey.
A female cheetah in pursuit of prey with her young may 
refrain somewhat from seizing it which increases the 
opportunity the juveniles have to chase (Eaton, 1974).
Even after knocking the prey off its feet, a female permits 
the young to attempt to kill it themselves. A  female 
cheetah carried a live gazelle back to her young and re­
leased it for them to chase (Kruuk and Turner, 1967).
Tigers (Panthera tigris) and lions provide similar assist­
ance to their young (Schaller, 1967; Schenkel, 1966).
Young leopards (Panthera pardus) stay with their mothers 
for more than a year, but Turnbull-Kemp (1967) does not 
believe that the leopard receives significant training with 
respect to killing. Heidt et al. (1968) observed a female 
Mustela nivalis seize a mouse while her young clung to her 
neck. After the mouse was "immobilized" by the adult, the 
litter dragged it back to the nestbox. A distinct vocali­
zation was emitted by the female at this time. A unique 
vocalization was also described for the river otter during 
"training" (Liers, 1951). My litter did not appear to 
receive any direct assistance from the female. She did, 
how e v e r , refrain from killing mice on occasion and this
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action permitted the juveniles to interact with prey even 
before leaving the nestbox.
The role of training is difficult to assess. It at 
least helps shapes food preferences and this may be the 
original function of training. Predatory training is so 
characteristic of predators of large prey that it must 
confer some selective advantage. The intimidating nature 
of potential prey may be diminished gradually by such 
action. Predatory training may also help assure that prey 
killing behavior is elicited during a sensitive period. It 
certainly gives juveniles an opportunity to integrate 
individual components into a functional sequence. Lack of 
such training may slow predatory development, but I know of 
no instance where its omission resulted in a permanent 
inability to kill-
Play
Playful behavior accounts for a majority of the 
physical activity observed during the behavioral develop­
ment of carnivores under all but the most severely deprived 
conditions. It is not surprising, then, that many workers 
(e.g. Beach, 1945; Meyer-Holzafel, 1956; Leyhausen, 1965 ; 
Loizos, 1966 ; Ewer, 19 68 ; Bekoff, 1972, 1974 ; F a g e n , 1974) 
have studied play and attempted to ascertain both its form 
and function- It is quite beyond the scope of this work
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to review play research except when specific findings are 
pertinent. Play behavior often borrows motor patterns 
from various functional contexts. Young carnivores in 
playful situations perform many behavioral acts derived 
from predatory contexts. These motor patterns invariably 
resembly approach and seizing behaviors of adults. If one 
assumes that such playful behavior actually uses predatory 
components (or that juveniles are "playing at prey kill­
ing" ), the question becomes "What effect does the per­
formance of this behavior have upon the appearance and 
integration of predatory behavior in the juvenile and 
ultimately in the prey killing behavior of the adult?".,
Common play situations can be classified with respect 
to the kinds of predatory stimuli they provide for the 
juvenile. Social play provides a "target" for predatory 
attacks, and in partners of similar size (e.g. siblings), 
the specific stimuli that orient approach and seizure may 
be available. It also provides experience against a 
struggling foe. This could facilitate fitting individual 
components into the more complex securing steps (e.g. the 
side curl of ermines). Juveniles play with inanimate 
objects in two different situations. Play with a bone, 
stick, or other non-nutritive object may induce social play. 
A solitary individual may use inanimate objects, its own 
foot, or its tail in play. The physical activity involved
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in any sort of play may itself be a major function of the 
class of behavior we call play.
These different play situations occur in most species 
of mammalian carnivores, but social play is the most 
common. Play with live prey, highly developed among the 
Felidae (Leyhausen, 1965), occurs most commonly in other 
groups prior to the age when the young start killing 
prey (e.g. Heidt, et a l . 19 6 8; Rasa, 1973). Play with
dead prey is more widely known, with the carcass often 
utilized in social play (e.g. Fox, 1969).
Deprivation experiments designed to eliminate play 
from the environment of developing carnivores are seldom 
successful. Predatory play invariably involves a target 
(or prey) object, which may vary from conspecifies to o n e ’s 
own tail to inanimate objects. Because of this, it is 
impossible to keep a juvenile from playing. Kuo (1960) 
attempted to deprive puppies (Canis familiaris) of the 
opportunity for social play by spraying them in the face 
with water whenever they sought to interact. These sub­
jects were quite indifferent to each other in adult life.
Although it is tempting to hypothesize that the 
function of social predatory play is to train juveniles to 
hunt and kill, apparently carnivores raised in social 
isolation are able to kill as adults. Playing with dead 
prey apparently influenced a naive adult lion to make its
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first kill (Eaton, 1972b). Following a bout of play, the 
adult male sought out (hunted?) and killed a goat (the 
species that he had played with) which had been kept for 
some time in an area accessible to the lion.
Specific stimulus deprivation experiments need to be 
conducted to investigate the influence of play on the 
development of predatory behavior. By denying the develop­
ing predator such aspects as orienting stimuli or a 
struggling foe, it should be possible to study the effect 
of play on predatory development. Another promising 
method would be to look at the ways in which play and 
predatory response vary together during development.
The function of play may have little to do with 
predatory behavior, but simply may insure physical activity. 
If this is true, one would expect play to utilize any 
dominant physical behavior. Typical play of the aardwolf 
(Proteles cristatus) is escape play (Von Ketelhodt, 1966, 
cited by Ewer, 1968). The aardwolf feeds mainly on termites 
and escape behavior certainly occupies a more prominant 
role than predatory behavior in its life.
One other possible influence of play on the develop­
ment of predation is largely ignored in the literature. 
Predatory play could help assure that prey killing be­
haviors are elicited during a sensitive period. The social 
isolate in this study would have missed this sensitive
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period 5 and his inhibition to bite may have been a conse­
quence of this specific deprivation.
Competition
In natural situations, juveniles often compete with 
siblings and even adults for the opportunity to kill prey 
(e.g. Rasa, 197 3; Ewer and W e m m e r , 1974). Individuals 
highly motivated towards prey may be able to kill before 
less motivated individuals can. A social competitor might 
induce a hesitant kitten to make its first kill (Leyhausen, 
196 5; Ewer, 1968). Leyhausen believes that competition may 
increase the level of "excitement" which facilitates the 
elicitation of the predatory response.
Practice
It is not a contradiction to say that while prey 
killing behaviors often appear fully formed in young 
carnivores, these behaviors show improvement with practice. 
Some refinement may occur in the orientation for seizing 
or biting (East and Lockie, 1964; Leyhausen, 196 5; Eaton, 
1970), but the most important effects of practice are the 
integration of individual components (e.g. "egg smash". 
Rasa, 1973). Because hunting and killing occur in a 
dynamic environment, behaviors must be coordinated both 
within the predator and with respect to the variable re­
sponses of the prey. The appearance of the holding with
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hindlegs component and its subsequent integration with 
other components to form a curl (UC or SC) provides a good 
example. Most early curls were unsuccessful, they led to 
escape by the mouse in part because the hindlegs did not 
restrain the m o u s e . When mice remained stationary, a 
juvenile*s hindlegs stayed "in position" (although how well 
they actually restrained the mouse if unknown). M i c e , 
however, did not remain still indefinitely, but tried to 
escape. When mice moved forward out of a curl (a common 
escape technique), a juvenile often used its hindlegs to 
alternately hold the mouse and then walk (to keep u p ) .
This procedure was seldom successful and it appeared that 
each juvenile learned when to abandon a curl and when to 
hold on. The important point is that even when a young 
ermine could not assume an upright curl under natural 
conditions, it could under optimal conditions (in this 
case, a stationary mouse).
The organization of the domestic cat *s earliest 
predatory attempts is inflexible; "the steering of the 
purely instinctive 'type process’ , from the moment the cat 
stops lying in wait and pounces until the killing bite, is 
set exteroceptively before the pounce and thereafter hardly 
adjusted at all (Leyhausen, 1965)". Because this early 
behavior is "pre-set", any unusual response by the prey 
would not be compensated for by the juvenile. Leyhausen
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has described this and I have observed the same thing many 
times. Ermines did not pursue escaping mice during very 
early predatory encounters.
A  Conceptual Model for the Ontogeny of Prey 
Killing Behavior in Carnivora
Prey killing behavior in the ermine consists of a 
complex series of motor acts. This behavior reflects a 
neural organization within the CNS that unfolds prior to 
(or despite the lack of) predatory experience. Central 
nervous organization has been demonstrated for species^ 
typical predatory behavior by hypothalamic stimulation of 
"non-killer" adult cats (Wasman and Flynn, 1962; Roberts 
and K i e s s , 1964). These findings demonstrate that preda­
tory behaviors are genetically programmed.
Several findings suggest that the appearance of prey 
killing behavior is best understood within the framework 
of the sensitive period. The predatory response, while 
most easily elicited during a theoretically brief period 
(Scott, 1962), may be aroused earlier or later in life 
under "special" conditions (Rasa, 197 3; Eaton, 197 2b). 
Leyhausen (1965) writes of a threshold for the elicitation 
of these centrally organized components that matures (to 
a low level) early in life.
What sets the limits of the sensitive period? Scott
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(19 62) believes that subsequent behavioral development 
indirectly diminishes the ease of elicitation that 
characterizes sensitive petiods. Leyhausen (196 5) attri­
butes this indirect effect to the failure of a potential 
prey killing situation to sufficiently "excite" adult 
naive predators. Excitement, he believes, is the fuel 
that enables the threshold to be reached in naive predators 
where the motivational properties of prey killing behavior 
have yet to be set in motion.
How is the prey killing response first elicited in 
naive predators? The developmental influences already 
considered have two things in common. No single influence 
seems to be critical and all appear capable of providing 
a positive, though non-specific, effect. What do these 
factors have in common? Leyhausen feels that the common 
factor lies in the ability of competition, play, hunger, or 
training to excite a predator. In this way, initial cau­
tion can be overcome and prey may be approached. In a 
similar situation, Hess (1958) found that the following 
response in ducklings became more strongly imprinted as 
the muscular exertion required to follow was increased.
Perhaps the common factor (if there is one) is neither 
excitement nor muscular exertion, but merely a physiologi­
cal variable associated with b o t h . My socially isolated 
juvenile ermine succeeded in killing a mouse at an early
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age (day 6 9), but did not become a consistent killer until 
much later. Yet this same animal interacted with mice 
more vigorously and persistently than did any of his 
siblings.
Perhaps this arousal can be accumulated only gradually. 
Indeed, the first kill by White occurred only after an 
extended interaction, a situation not presented later.
Killing behavior does not generate an appetence of 
its own until it has been elicited several times. In very 
young or old but naive perdators, two distinct factors 
make successive elicitation unlikely. In young predators,
the threshold for killing is still very high and only in un-
usual situations can the threshold be attained at all. In 
older a nimals, arousal is more difficult to generate and 
the threshold, although low, is still difficult to reach.
The development of White resembled the behavior expected 
of a younger animal. He killed at an early age after an 
extended interaction, and thereafter only occasionally 
reached the (high?) threshold for elicitation of the preda­
tory response.
Once predatory behavior acquires its own motivational 
properties, this rigid sequence becomes interwoven with 
learned responses. These responses multiply in number as 
the individual learns about itself and its environment. As 
a result , killing behavior becomes especially suited to a
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specific situation (such as a low angle seizing step) or 
to an individual’s idiosyncrasies. All the w h i l e , however, 
the basic sequence is retained in the repertoire of the 
individual. Leyhausen (196 5) has stated that this rigid 
sequence ("type behavior") will be seen, even in experi­
enced adults, under optimal conditions. My own observations 
have been exactly the opposite— under optimal conditions 
(small, stationary prey) ermines are often "sloppy". It is 
when the situation is not as predictable (large, moving, 
and perhaps unfamiliar prey) that ermines become most pre­
dictable; circling to approach from behind, seizing with 
SBg, upright curling, and then delivering a killing bite 
only after a side curl has been assumed. The adult female 
that lacked canines (and was always killing under adverse 
conditions) was the most prone to this general sequence of 
killing behavior.
The question of stereotypy, first raised in the 
Introduction, can now be revisited. Is prey killing be­
havior in the ermine stereotyped at the levels considered 
in this study? Components certainly seem to be, but none 
is a discrete point in space. I have avoided the question 
of step stereotypy completely by simply attaching a label 
to every combination of components observed. Once past 
the initial step (that step most sensitive to the behavior 
of the prey), however, few combinations are observed.
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Sequence structure is as variable as the environment, yet 
easily fits into a schema of seizing, securing, and killing 
phases. Prey killing behavior is very predictable if 
certain parameters are k n o w n . These may be physical (e.g. 
relative size of predator and p r e y ) , but most are con­
cerned with aspects of the interaction (is the prey moving? 
At what angle does the ermine attack?). The ermine is an 
efficient killer able to combine sequence rigidity with a 
potential for flexibility which gives it the sequence 
stereotypy needed to kill large prey while retaining 
enough behavioral latitude to fit other situations.
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Symbols used in this study
Symbo1 Behavior
app approach
end end of sequence
esc escape
G grasp without seizing bite
GT grasp twist
KB killing bite without grasp
KBg killing bite with grasp
P pluck
PA pin approach
PS preliminary steps
RB rump bite
ret retreat
Sa anterior sniff
Sp posterior sniff
SB seizing bite without grasp
SBg seizing bite with grasp
SC side curl
SG straddle grasp
T twist
TP tail pull
UB upright bite
UC upright curl
Appendix B. Observed transitions between prey killing behaviors. Numbers given 
represent the frequency with which the steps listed in the upper row 
follow those in the side column. Data is compiled from 215 bouts 
making up 127 kills by all adults.
Preceding
steps G SG GT SB
Following 
KB SBg
steps 
T P UC SC KBg UB esc. end
approach 12 19 46 33 8 80 0 0 0 0 17 0 0 0
G 0 0 0 0 0 2 0 3 2 1 2 0 3 0
SG 0 0 0 0 0 5 0 0 3 2 6 0 3 0
GT 0 0 0 0 0 8 0 2 9 12 6 0 9 0
SB 1 0 0 0 0 0 14 10 0 0 0 0 8 0
KB 0 0 0 0 0 0 3 3 0 1 0 0 0 1
SBg 0 0 0 0 0 1 28 11 7 26 10 0 20 0
T 0 0 0 0 0 2 0 0 13 19 6 0 7 0
P 0 0 0 0 0 1 0 0 5 20 7 0 1 1
UC 0 0 0 0 0 2 0 0 0 29 11 0 7 5
SC 0 0 0 0 0 2 0 0 2 0 62 1 27 60
KBg 0 0 0 0 0 0 2 6 13 44 2 4 3 55
UB Q 0 0 0 0 0 0 0 0 0 0 0 0 5
-F
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Appendix C . The predictability of step transitions. 
The two most common preceding and follow­
ing steps are shown for each focus step. 
The relative frequency of each transition 
is displayed in parentheses.
preceding steps
focus
step
following steps
f irst second f irst second
a p p , (0.92) SB(0.08) G P(0.30) S Bg(0.20)
app.(1.00) 0 SG K B g (0.38) SBg(0.31)
a p p . (1.00) 0 GT SC(0.32) UC(0.24)
a p p . (1.00) 0 SB T ( 0 . 56) P(0.40)
a p p .(1.00) 0 KB T(0.38) P(0.38)
a p p .(0.78) G T ( 0.08) SBg T(0.34) SC(0.31)
SBg(0.60) SB(0.30) T SC(0.48) UC(0.33)
SBg(0.31) SB(0.29) P SC(0.59) K B g (0.21)
KBg(0.24) T(0.24) UC SC(0.62) KBg(0.2 3)
KBg(0.29) U C ( 0 .19) SC K B g (0.49) e n d (0.47)
SC(0.48) a p p .(0.13) KBg end(0.44) SC(0.35)
KBg(0.80) SC(0.20) UB end(1.00 ) 0
Appendix D. Observe- transitions between prey killing behaviors of juvenile ermines. hun'.bers 
shOft"! i.present the frequency with which the steps listed in the upper row follow 
chose in the side column and is compiled fi'om 3 30 bouts making up 6 4 successful and 
6S unsuccessful sequences. Data is included from all five juveniles. Steps within 
the preliminary phase have been combined into a single entry (PS).
Preceding
steps PS G FA SG SB KB
Following 1 
SBg SBp
steps
T P Lie sc KBg UB esc. ret. end
app. 67 1 22 73 15 4 114 28 Û 0 0 0 6 0 0 0 0
PS 5 0 9 9 1 0 11 2 0 Q 0 0 0 G 2 33 C
G 0 Q 0 0 0 0 0 0 0 0 0 0 1 G 2 0 0
PA 0 C D 0 0 0 10 4 Û C 2 1 G G 11 3 G
SG 0 0 0 C 0 0 25 0 0 0 G 14 7 0 22 . 9 0
SB 0 1 0 0 0 1 0 0 3 2 0 0 1 0 8 0 0
KB 0 0 0 0 Q 0 0 0 0 0 0 0 0 4 1 0 0
SBg 0 Q G 0 û 0, 0 0 29 11 18 41 5 0 5 S 2 0
S3p G 1 0 0 0 0 Û 0 2 3 G 1 1 0 24 2 G
T 0 0 0 1 0 0 Û 0 C! 0 20 11 1 0 6 û 0
P 0 0 0 0 0 0 0 0 2 0 1 11 0 0 3 0 0
UC 0 0 0 0 0 G 0 0 0 0 Q 23 11 3 16 5 c
SC 0 Û 0 0 Q G 2 0 1 1 6 0 S3 7 39 1 19
:<Bg 0 0 G 0 0 0 G c 2 0 6 22 0 33 ■ 0 ü 23
UB 0 0 0 0 Û 0 0 0 U 0 2 2 0 0 1 0 42
esc. 0 0 0 0 0 0 0 0 û 0 0 0 0 0 G
9 0
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Appendix E. The predictability of step transitions.
The two most common preceding and following 
steps are shown for each focus step. The 
relative frequency of each transition is 
displayed in parentheses. Data from all 
five juveniles is included.
preceding steps
focus
step
following steps
first second first second
a p p . (0.93) PS(0.07) PS r e t .(0.47) S Bg(0.16)
a p p . (0.33) SB(0.33) G K B g (1.00) 0
a p p .(0.71) PS(0.29) PA S B g (0.50) S B p (0.20)
a p p .(0.88) PS(0.11) SG SBg(0.41) SC(0.23)
a p p .(0.94) PS(0.06) SB T(0.38) P(0.25)
a p p .(0.80) SB(0.20) KB UB(1.00) 0
a p p .(0.70) SG(0.15) SBg SC(0.39) T(0.27)
a p p .(0.82) PA(0.12) SBp P(0.30) T(0.20)
S B g (0.74) SB(0.08) T UC(0.61) SC(0.33)
S B g (0.65) SBp(0.18) P SC(0.79) T(0.14)
T ( 0 .33) SBg(0.30) UC SC(0.59) r e t .(0.11)
SBg(0.32) UC(0.20) SC KBg(0.66) end(0.21)
SC(0.62) UC(0.13) KBg UB(0.38) e n d (0.37)
K B g (0.70) SC(0.15) UB e n d (0.91) UC(0.04)
